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Chemistry. — “Some Remarks concerning the RÖNTGENograms 
obtained by means of Mica-Piles composed by crossed 
Lamellae”. By Prof. F. M. Jarskr. 


(Communicated at the meeting of October 30, 1920). 


In a paper recently published ') on the RöNnfsEn-images obtained 
by means of a system of mica-lamellae crossing at definite angles g, 
it was said in a Note on page 821, that the image obtained was 
evidentiy not a mere superposition of the images which were 
obtained by means of each of the composing lamellae separately, 
but that the RöNntgenx-rays, after passing the first lamella, were appa- 
rently influenced during their passage through the next one in such 
a way, that the final result differed noticeably from the combination 
of the single images turned with respect to each other through the 
angle p. This conclusion was founded in the first place on a com- 
parison of the stereographic projections of the composed photographie 
images with the image obtained by the n times repeated superposi- 
tion of the stereographie projection of the diffraction-image 
produced by a single lamella; and, secondly, on the fact that in 
the final photograph a considerable number of the outer spots were 
absent, which in the image of the single lamella appeared with 
appreciable intensity. At the same time a systematical investigation 
of this phenomenon was planned, because it was in contradietion 
with the usual interpretation of the diffraetion-phenomenon now 
generally adopted. 

At my request my colleague Haca was kind enough to make 
the necessary experiments in the Physical Laboratory of this Uni- 
versity; for his kindness and help I wish here to express my thanks 
once more. The result is, as will become clear in the following 
pages, that the conclusion mentioned in the Note on p. 821, cannot 
be considered as justified in its generality; and after these investi- 
gations we are compelled to acknowledge, that the images formerly 
obtained must really be considered to be, at least in their prineipal 
features, superpositions of the images of a single lamella, turned 
with respect to each other through angles %, although certain devia- 


tions are certainly present, the causes of which will be explained 
further-on. 


') F. M. JAEGER, Proceed. R. Acad. of Sciences Amsterdam, 22, 815, (1920). 
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The said experiments were executed by means of two very thin 
muscovite-lamellae, about 0,22 m.m. thiek, which were obtained by 
cleavage from one and the same erystal, and which could be erossed 
with respect to each other at arbitrarily variable angles y. In all 
cases, in which the angles ; were varied between 0° and 60°, the 
Röntgenograms obtained appeared to be almost the complete super- 
positions of the images of the composing thin lamellae. From this 
result it became more and more probable, that the images formerly 
obtained might finally appear to be also such superpositions. For the 
purpose of investigating this more in detail, a negative was prepared 
from the original image of a single lamella, as reproduced:in Fig. 1 of 
the Plate, and from this a number of equal diapositives were made 
on pieces of photographie film. These film-diapositives were now 
carefully piled-up at the angles p with respect to each other, in the 
same way as the lamellae in the mica-piles used formerly. The thus 
obtained combination was carefully compared in transmitted light 
with the original photos formerly obtained. Although some spots 
of the primary images did not coincide completely with other spots, 
also in these cases their mutual distances might be considered small 
enough to give together the final impression of one spot of greater 
intensity. If this be taken into account, the combined image is 
really in its prineipal features analogous to the photographie image 
of the mica-pile. However, there are certain deviations: some spots 
were lacking in the last photographs, which were visible in the 
film-image with rather great intensity; some spots were feebler than 
in the film-image, and generally the relative intensities of the spots 
were different from those in the image of the combined. films. 

Partially, these deviations could be easily explained by the influ- 
ence of a selective absorption of some wave-lengths, as already stated 
in former cases, when the’rays of the tungsten-anticathode of the 
Coolidge-tube pass through thicker layers of the erystalline medium. 
With the aid of a muscovite-erystal of 2,35 m.m. thickness it was 
possible, indeed, to prove that certain spots in the diffraction-image 
obtained with it, — e.g. the spot in the middle of the first eircular 
row beneath the centre of Fig. 1 of the Plate, — were convin- 
cingly less intense than the corresponding spots in the image 
obtained with a 0,22 m.m. thiek lamella of the same crystal; and 
exactly in those places also the spots were absent in the composed 
image of a mica-pile of eirca 3,5 m.m. thiekness. By intentional 
experiments, in which the time of exposure was regulated in such 
a way, that the influence of solarisation-phenomena of the most 


intensive spots ‘was .certainly excluded, it could be proved 
44* 
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beyond all doubt, that such a selective diminution of the 
intensities of some spots with respeet to others really happened 
in cases where the Röntgen-rays had to pass through thicker layers 
of a erystalline medium. Undoubtedly this selective absorption is, at 
least partially, responsible for the abnormal intensity-relations in the 
composed photogram of the mica-piles, compared with the corre- 
sponding relations in the film-combination. However, a certain 
momentum for this appears also to be the strong veil on the back- 
ground of the photographic plate in the first case; a veil, which may 
in ihbe final photos of the piles also be the cause of the absence 
of the outer and feebler spots of the image obtained with a single 
lamella, because the photograpbie plate could not be developed a 
suffieiently long time to make them appear upon it. This photographic 
veil is, therefore, also one of the causes of the misleading aspect 
of the photograms of the mica piles, so that they seem to be different 
from a true superposition of the images obtained with a single lamella. 
That besides this, also the use of the stereographical projeetions in- 
stead of the film-combination, formerly led us to a conclusion 
which is now acknowledged as erroneous, need not surprise us: 
for in the stereographical projections the intensity of the different 
spots was not measured photometrically, but estimated in a purely 
subjectire manner, and in thus comparing different stereographical 
images with each other, properly incomparable intensities are checked 
with respect to each other. These circumstances may elucidate why 
the photographical images of the mica-piles were formerly not 
recognised as being mere superpositions of the single images com- 
posing them. However, the veil ofthe photographic plates is probably 
amongst all cooperating Causes of greater influence than the unequal 
diminution of the intensities of the spots by selective absorption. In 
any case no truly new phenomenon is here present of a kind in- 
conceivable with respect to the generally adopted interpretation of 
diffraction-phenomena in crystals. 


Physical and Physico-chemical Laboratories of the Uniwersity. 
Groningen, October 1920. 


Chemistry. — “On the Validity of the Law of Partition for the 
Equilibrium between a Mixed-Crystal Phase and a Üoexisting 
Liquid”. 1. By Prof. "A. Smirs. (Communicated by Prof. 
P. ZeEMmAn). 


(Communicated at the meeting of May 29, 1920). 


Since 1911 I have more particularly been occupied in researches 
which in connection with the theory of allotropy were undertaken 
with a view to the study of the solid state. 

These researches had led to views about the solid state which 
are incompatible with the image given by Brass in view of the 
Röntgen-spectra found by him. 

Mr. ScHEFFER and myself‘) have pointed out that when a grouping 
of atoms is assumed in the lattice points of a crystal lattice, the 
bindings being disregarded in accordance with the valence, there 
arise great difficulties. On that occasion we gave a model solely 
with a view to indicating the direction in which in our opinion 
the ‚ solution should be sought, and it is clear that the question 
whetber this model it serviceable or not, leaves the objections ad- 
vanced by us against Brase’s representation, entirely intact. Our 
paper was written solely to set forth these objections. Our efforts 
are only tentative as yet, and it seems to me that the Röntgen 
investigation of the solid substance in its present state does not yet 
enable us to get to know the real internal condition. 

Nevertheless this investigation must be considered of the utmost 
importance, and the hope may be cherished that continuing in this 
direction one day the way will be found that leads to that which 
interests us most, viz. to the manner in which the chemical action 
in the solid substance is manifested. 

The objections to Brace’s conception will be fully discussed and 
snpplemented elsewhere,; here I will, however, point out that it 
might be said that the objections for a definite group of compounds, 
viz. those that are built up of two elements and can split up into 
ions, might be partly obviated, when it was assumed that this 
dissociation in the solid state was a complete one. 

It is clear that then for this group of substances as KÜl and 


1) These Proc. 19, 482 (1916). 
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NaCl etc. the diffieulty with regard to the valence would disappear, 
but then there would be no atoms, but ions, in the lattice points, 
and a chemical binding would not ocecur. Accordingly, the 
replacement of the atoms by ions in Brage’s image would already 
be an important modification for the said substances in the right 
direction. 

Of late Dasue') has published results that seem to prove that 
this is really the case with LiF. 

It is hardly necessary to observe (hat for all other compounds, 
which are built up of more than two elements, and yield compound 
ions, the valeney must find expression, because also on complete 
dissociation in the solid state this compound ion must be present as 
a group. But also for a compound composed of two elements, as 
Hgl,, the assumption of complete dissociation into ions cannot lead 
to a solution, because this does not account for the existence of 
internal egnilibria. - 

I will, however, not continue this train of reasoning any further 
here; it only served to call attention once more to the fact that 
from a chemical point of view, the action of the valency in the 
solid substance cannot be disregarded; hence it is clear that it is 
desirable to find other methods which may teach us something about 
the internal condition of the crystallized substance. 

Some years ago I had already formed the plan to examine whether 
Nersst’s law of partition is valid for the coexistence of a mixed 
erystal phase with a solution. 

It is clear that Nernst’s law of partition can only be valid for 
this case, when the ordinary thermodynamic considerations, which 
lead to this law in equilibria between a gas and a.liquid phase or 
between two liquid phases, may also be applied to the solid sub- 
stance. This is the fundamental question ! 

Van 'rHorr’), who was the first to point out in 1890 that there 
are states which may be designated by the name of solid solutions, 
embraced the opinion that the theory of diluted liquid solutions 
might be applied to these states. 

Baknuıs RoozeBoon ’), who started his important experimental 
researches on mixed crystals a year later, practically treated the 
mixed crystals thermodynamically already in the same way as the 
liquid solutions had been treated, and it might be said that the 
experiment has justified this procedure, as the derived types were 

I) Phys. Zeitschr. 19, 474 (1918). 

3) Z. f. Physik, Chem. 5, 322 (1890). 

3) Z. f. Physik. Chem. 8, 504 (1891). 
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actually found, and there thus appeared to exist a very close 
agreement between the equilibria of a solid with a liquid phase on 
one side, and two solid phases on the other side. 

Already a few years after these publications Fock !) undertook 
an investigation on the partition of a third substance between mixed 
erystals and solutions, but there was not found a constant value 
for the coefficient of partition in a single case. If, therefore, this 
investigation had not been open to critieism, the conclusion might 
have been drawn from it, that the law of partition cannot be 
applied here. 

Fock’s results did not carry conviction, however; 1. because he 
omitted to examine the equilibria in which the substance to which 
he wanted to apply the law of partition was present in small concen- 
trations; 2. as he underrated the difficulties to obtain a homogeneous 
mixed crystal phase. 

BeLnatı and Lusanna ?) and also RoTHMUND tried to determine the 
molecular size of tbe dissolved substance from the lowering of the 
transition point of KNO, by the application of Van ’T Horr’s well- 
known formula for the lowering of the freezing point, in which 
the heat of transition was then substituted for Q. 

RoTHMUND ’), however, soon saw, that this formula is not valid 
when mixed erystals are deposited, and for this case arrived at the 
formula: 


RT’ 


M= ug) Karen ua 
in which: | 
M, = mol. weight. of a solvent. 
&, == concentration of the first phase. 
u, = PR ». ». Second ‚, 


This formula is valid, and follows immediately from VAN DER 
Waaıs’s general equation for two-phase coexistence: 


In Ba dn ; 
en) kan, 


d’T 
+ (02,—,) (z ), Eid, 


“ When the considered mixed erystals contain very little of the 


1) Z. f. phys. Chem. 12, 657 (1893) 

2. f. Kryst. 28, 336 (1897). 
2) Atti de Reale Instituto Veneto [7] 26, 995 (1891). 
3). f. phys. Chem. 24, 705 (1897). 
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second component, i.e. when x, and a, are small, the above equa- 
tion may be simplified, for in consequence of the small value of 
x we may then write: 


d’Z za RT 
er 2, d=2,) 


and when we neglect x, by the side of 1, the coefficient of dı, 
becomes: 


#, 


When we now consider the equilibrium between a mixed crystal 
phase and a liquid, or between two mixed crystal phases at constant 
pressure, we get: B 


U: 
(,—n)dT=—RT ee de, 
u | 
and 7(n,— n,.) being = — M, Q,, we get: 
ae ren 
MQ a 
or 
RI 
AT= —— (»,—2,) 
M,Q 


This is Rorumunn’s formula derived by another way. For the 
molecular lowering, i.e. for the lowering caused by 1 gr. mol. of 
the second component in 1000 gr. of the first the following equa- 
tion is obtained: 

Fe BE DE 
da, -1000Q z, 

From this it is seen that when the second phase is no mixed 
crystal, hence x, = (0, this formula passes into that of Van ’T Horr. 

When we consider the lowering of the freezing point, brought 
about by addition of a second substance that forms mixed erystals 
with the first, only the second phase is a mixed crystal and the 
first a liquid. When we, however, direct our attention to a lowering 
of a transition point, the first phase is a mixed crystal, and in 
general the second will be so too, just as in the case of solidification. 
(Cf. the subjoined figure). 

It follows from the above relations that when we may treat 
diluted mixed crystal phases thermodynamically as diluted liquid 
solutions, the molecular size of the second substance present in the 
second phase in small concentration with regard to the molecular 
size of the same substance in the first phase, can be found from the 
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lowering of the point of solidification, and from that of the point of 
transition on analysis of the coexisting phases and on measurement 
of the thermal quantity Q. 

RoTAMunND, who examined the system Ü’Br,— CC/,, has not succeeded 
in determining x, and x,. He could not 
observe the range of solidification, and 
‚only found the lowering of the point of 
solidifieation proportional to the total- 
concentration. Nor did he know the 
value of Q, so that he could not test 
formula (1). 

On the occasion of his examination of 
the system 7g/,— HgBr,, ReinDers') used 
Rortamunp’s formula for the first time 
applying it to the lowering of the trans- 
ition point. 

As ReınDers’s research was not ex- 
pressly undertaken with a view to testing 

r4 RoTHMuxnD’s formula, and as it was not 
accurate enough for this either, it can only be concluded from this part 
of his interesting treatise that probably Rorkmunv’s formula will be 
confirmed here, and that when it is assumed that here really a 
definite conclusion can be reached with regard to a molecular size, 
it will lead to the result that the molecular size of mercury bromide 
is the same in the two mixed crystal phases. 

It follows from the foregoing that there was still a large lacuna, 
and that we were not at all able yet to say to what results the 
application of the let us say, limiting laws, to the equilibria with 
mixed crystals, lead. 

And because it is the study of the diluted mixed cerystals that will 
be able in my opinion, to give us a deeper insight into the solid 
state, I resolved to set on foot a most careful inquiry into the 
question whether the law of partition also holds in case of coexistence 
with mixed crystal phases. 

It was to be foreseen that the investigation would be very difficult 
and laborious, for reliable results can only be expected when the 
mixed crystal is perfectly homogeneous, so that the internal concen- 
tration is the same as that of the surface. In order to bring this 
about it was necessary that the formation of the mixed cerystals 
should take place exceedingly slowly amidst vigorous stirring. 


1) Zeitschr. f. physik Chem. 32, 494 (1900). 
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My first assistant, Mr. G. Mewer, to whom I suggested this 
investigation as a subject for his thesis for the doctorate, has been 
so fortunate as to obtain results for the system dichlor-benzene- 
dibrom-benzene-aleohol that gave for the first time an indubitable 
answer to the question proposed here. On the side of dichlor-benzene 
the law of partition appeared to hold within the errors of observation 
for the distribution of dibrom-benzene between solution and ınixed 

TABLE 1. 
RESULTS ON THE SIDE OF DIBROMINE. 


EEE! GESESSEEEE 


1 - N » 1 

u er a 

erystal ER Simon tion Cs Cs [of- 
38.7 4.76 52.7 1.23 5.90 3.17 
48.7 6.31 53.7 1.30 8.18 = W268 
54.8 6.71 3.2 | 1.28 8.21 2.23 
55.0 6.6 54.1 1.21 8.02% 1.» ri 
57.6 02 55.8 1.41 11.4. | 2.4 
61.7 8.32 55.8 1.35 1:22 2 
15.3 9.47 56.7 1.26 11.91 1.69 
83.6 10.11 58.1 1.21 12.3402 
100.2 13.69 59.2 1.37 18.70 1.36 
118.3 13.97 59.5 1.18 16.49 0.99 
123.7 16.83 64.0 1.36 22.81 1.09 
190.5 24.97 71.0 1.31 327. ee 
286.3 33.96 19.7 1.19 40.29 0.41 
564.8 42.95 81.5 0.76 34.43 | 0.14 


crystal, and the same thing was found for the distribution of dichlor- 
benzene on the dibromine side. Greater deviations were always found 
with greater concentrations, coming from. both sides, as was, indeed, 
to be expected. This result was obtained on the assumption that the 
molecular size of dichlor- resp. dibrom-benzene is the same in the 
mixed crystal phase as that in the coexisting solution. 

The foregoing Table I gives a coneise summary. 


' $ C 
It follows from this table that only the quotient — yields a very 
S 
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little oscillating value, and as the second decimal value, though it 
has been given, is quite unreliable on account of the error. of ana- 
lysis, we see that in spite of the experimental diffieulties of the 
research, the oseillations in the values may be called slight beyond 
expection for the above quotient. Hence the obtained results show 
beyond doubt that this quotient in the concentration region examined 


_ TABLE Il. 


RESULTS ON THE DICHLORINE SIDE. 


Gr. dibrom-b. 
per 1000 cm3 
mixed crystal 


E 29.58 
7 ee 78,42 
79.18 
2 103.7 
- 99.04 
155.0 
167.6 
170.8 


FR 


ee en Dt Ku a a ah 


a sa u u az 


Gr. dibrom-b. 
per 1000 cm? 
solution 


1.713 
4.437 
4.496 
5.785 
5.460 
8.521 


Total conc. 

in gr. per 1000 

cm? solu- 
tion 
142.7 
143.1 
142.7 
141.1 
128.5 
139.7 
136.7 


137.1 
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here, which extends in the saturate solution up to 0,231 gr. mol. 
per liter and in the mixed crystal phase up to 1.947 gr. mol. per 
liter, is really a constant quantity. With greater concentrations the 


17 
quotient vor presents a course as was also to be expected; the quo- 


tient then becomes smaller, as the latter value indicates. 

Now that this result had been obtained, it was of course supposed 
that also on the dichlorine side the law of partition would prove 
valid. Mr. Meyver’s investigation yielded results in concordance with 
this expectation, which are recorded in Table II. (see p. 685). 


C; 
Here too only the ie Cs yields values that vary only within 


the errors of analysis over a definite range of concentration, viz. 
up to a dibromine concentration in the solution of 0,04 gr. mol. 
and in the mixed crystal of 0.72 gr. mol. Hence we may conclude 
that this quotient, which has of course another value than the 
corresponding quotient on the di-bromine side, is in reality a constant 
quantity. 

The results given here are of great importance. They justify us in 
coneluding that also for the diluted component in a diluted mixed 
erystal GiBBs’s paradox will prove to be valid, and that we may, 
therefore, write for the equilibrium between a mixed crystal phase 
and a saturate solution: 


RT Ina, +F(.T), =»vRTna, +Q@:T),: 


In a subsequent communication we shall see what conclusions 
may be drawn from the value of the factor » with regard to the 
molecular size of the diluted component in the mixed crystal phase. 

Meanwhile Mr. MEYER is carrying on the investigation with other 
substances, among which also electrolytes. 

Laboratory of general and inorganic Chemistry 
of the University. 

Amsterdam, May 28, 1920. 


Chemistry. — “The Theirmo-electric Determination of Transition 
Points’. 1. By_Prof. A. Smirs and J. Spuyman. Communicated 
by Prof. P. Zeeman. “ 


(Communicated at the meeting of June 26, 1920). 


In 1912 the transition point of tetrogonal tin into rhombie tin 
was determined by means of very lengthy and laborious determina- 
tions. Small quantities of mercury accelerated this transformation, 
but at the same time brought about a lowering of the transition 
point. Through extrapolation up to the quantity of mercury = 0 
200°.5 was found as transition temperature, the subsequent experi- 
ments with pure tin, which gave a great deal of diffieulty, yielding 
= 202°.8 in the end.') Though it has appeared that also in other 
cases mercury is a catalyst for the transition from one metal modi- 
fication to another, so that this expedient may often be successfully 
applied, it seemed very desirable to try and find another reliable 
and quicker method. 

That thermo-elements can only be used over a range of tempe- 
rature, within which no points of transition of the metals used 
occur, is known, and likewise the conelusion of the existence of a 
transition point was drawn before from a disconlinuity of the change 
of the electomotive force with the temperature. 

Thus among others in the examination of the thermo-elements 
Nickel-Copper*) and Nickel-Lead’) a discontinuity was found between 
350° and 360°, which points to a transition point of Nickel, with 
which also the study of the magnetic and mechanie properties and 
also the investigation of the change of length carried out by JÄNECKE, *) 
is in agreement. Further Brıpaman °) investigated the thermo-electrie 
force of thermo-elements under pressure; we may, accordingly, say 
that the thermo-element has been used already several times to 
discover a point of transition in one of the metals of the thermo-element. 

That, however, on rational application the thermo-electric method 


. )) Suırs and ve Leruw, These Proc. Vol. XV, p. 676. 
2) Harrıson, Phil. mag. 3, 192, 1902; Wiener Z. f. anorg. Chem. 83, 310 (1913). 
3) Proc. Roy. Soc. Edinburg, 8, 182 (1372—1873). 
4 Z. f. Electr. Chem. 9 (1919). 
5) Proc. Amer. Acad. 53, 269 (1918). 
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supplies us with a method pre-eminently fit to discover transition 
points in metals, both on account of its accuracy and quickness, 
this was not yet known. 

This we found in the following research, which was undertaken 
with a purpose to discover the above-mentioned transition point also 
by a tlermo-eleetrie way. For this purpose we first examined what 
metal combined with tin promised a good result. For reasons which 
will further be set forth in the theoretical discussion of this method, 
iron was chosen as second metal. 

The investigation of the electro-motive force of this element at 
different temperatures gave the following result: 


-IRON-TIN. 
Temperature E. F. in milli-Volts 
139.8° 1.30 
146.8° ee: 
172.4° 1.39 
183.5° 1.46 
196.6° 1.63 
199.20 1.69 
204.0° 1.72 
208.4° 1.74 
212.0° 1.79 


after sudden cooling 


180.00 1.65 
180.00 1.59 
180.00 1.53 
180.00 : wa 
180.0° 1.43 
170.49 1.38 


When we represent this result graphically, we get fig. 1, from 
which we see that the transition point appears very clearly, and 
lies at 200°.2, which result is in perfect harmony with the extra- 
polated value which followed from the dilatometer-examination of 
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mercury-containing tin. What was also very clearly to be seen here 
was this that, when a temperature Iying above the melting-point of 
tin, was rapidly lowered, the transformation failed to appear, and 


the metastable prolongation of the upper branch could be followed 
480 


170 


130 


Fig. 1. 
COPPER-TIN. 
Temperature E. F. in milli-Volts 
158.0° 0:52 
183.0° 0.63 
198.0° 0.71 
218.8° 0.79 
210.0° 0.75 
207.0° 0.74 
191.0° 0.67 
181.0° 0.62 
153.0° 0.50 
150.2° 0.49 


202.0° 0.73 
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for some distance. If the temperature was then kept constant, the 
E.F. deereased till the stable branch was reached (see the points 
Baar, 

In the second place tin was combined with copper, in which the 
following result was reached. 

When these results are again represented graphically, the transi- 
tion point of tin again makes its appearance at 200°.5, in agreement 
with what precedes, but less elearly here. This is seen in fig. 2. 


Fig. 2. 


When in this way the reliability of this sensitive and rapid 
method had been proved, we applied it to ascertain whether 
in copper indications for a transition point could be observed in 
the neighbourhood of 70°. As is known, the dilatometrie investi- 
gation !) gave no indication at all, no more than BrıpGMan’s researches. 

The result of this investigation will be discussed in a following paper. 


Laboratory of general and inorganic chemistry of 
the Amsterdam University. 
Amsterdam, May 23'4 1920. 


!) CoHEn, These Proc. Vol. XV, p. 628. (1914). Z. f. phys. Chem. 87, 419 (1914). 
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Physics. “Odservations of the Temperature during Solidification”. By 
Dr. H. C. Burser. (Communicated by Prof. H. A. LoRrenTz). 


(Communicated at the meeting of June 26, 1920). 


1. When in a supercooled liquid in a cylindrical tube, a seed 
of the solid substance is inserted, the boundary plane of the solid 
substance moves with uniform veloeity. This velocity (linear veloeity 
of erystallisation) has been measured by many investigators as func- 
tion of the temperature of the surroundings (thermostat), in which 
the tube is placed. They have, however, not measured the temperature 
prevailing during the solidification in the two phases and at their 
boundary plane, though it is the measurement of this temperature 
that is of great importance for the true insight into the process of 
solidification. More than once the opinion has been expressed that 
at the boundary plane solid-liquid the meltingpoint-temperature would 
prevail '), but no grounds were adduced in support of this statement. 
As, however, appears from my observations this is not the case, at 
least not for the substance examined by me. | 

The small quantity of substance, hence the small quantity of heat 
which is generated, renders it necessary that the instrument with which 
the temperature is measured, should have a very small heat capacity. 
If this is not the case, the distribution of the temperature in the 
substance is disturbed by the insertion of the instrument to such a 
degree that the temperature that is observed, is by no means equal 
to the temperature that would prevail at Ihe same place, when this 
was absent. Besides the measurement of the temperature must take 
place with an instrument that possesses slight inertia, because the 
temperature that is measured at a fixed point of the tube, rapidly 
changes with the time. The temperature further shonld be registered, 
because reading is impossible on account of the rapid variation. 

Consequently a temperature measurement must be chosen which 
is made by the aid of a thermo-element, which must have as small 
a mass as possible. The eurrent supplied by this thermo-element in 
consequence of the rise of temperature in the tube, must be observed 
with a galvanometer, which is sufficiently rapid to follow the process 


1) W. HergeseLL, Ann. d. Phys. u. Chem, 15, 1882. p. 19. 


G. Tammann, Kristallisieren und Schmelzen, 1903, p. 135. 
45 
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of solidifieation withaut appreciable inertia. Having at ıny disposal 
instruments that fully met all imposed requirements '), I could venture 
to make an attempt to solve the problem proposed with a fair 
chance of success. 

The method of observation was as follows. Two small holes were 
bored in a glass tube at points which were diametrically opposed 
to each other. The thermo-element was put through these apertures. 
It eonsisted of termo-sheet tin of Dr. Morz, which had been rolled 
out for this research to a thickness as small as possible. The thermo- 
elements that were used in the final observations, had a thickness 
of 1.4 u. Strips of this material were cut about 0.1 mm. wide, one 
half of which consisted of-manganin, the other of constantan. Such 
a strip was put through the openings made in the wall of the glass 
tube. Before cementing the thermo-element care should be taken 
that it was spread ont flat, normal to the axis of the tube, and 
further that the place where the metals were soldered together, was 
exactly in the centre of the tube. The cementing substance bad to 
be proof to the substance with which the tube was filled (salol), 
and had to adhere to glass and metal. A mixture of water-glass 
and asbestos powder appeared to satisfy these requirements ?). 

Copper wires, which led to the galvanometer, were soldered to 
the extremities of the thermo-element, which projected outside the 
wall of the tube. The coil of the galvanometer had a very small 
moment of inertia, so that the instrument indicated quickly. In 
order to enhance the rapidity, the suspension-wires of the coil were 
chosen fairly thick. This, indeed, decreased the sensitivity, but it 
was nevertheless sufficient to enable us to measure accurately the 
rises of temperature that had to be observed. The time of adjustment 
of the galvanometer was about 0.07 sec. 

The glass tube was now filled with the melted substance, for which 
I have chosen salol. This substance offers some advantages, viz.: 

1. The rate of crystallisation is small, at most 3.68 mm. 
per minute. Consequently the conditions imposed on tlıe method of 
measurement are not so great as with substances that erystallize 


') It is with great pleasure that I express my indebtedness to Dr. W.J.H. Mor 
for the use of the unequalled combination of instruments of his own invention, 
without which the measurement of the rapid local temperature changes would 
certainly have been impossible. 


?) Between two observations the tube of salol had to be placed in hot water 
to melt the salol again. In order to protect the solidified mixture of asbestos and 


walerglass against the action of the hot water, it was covered on the outside 
with Canada balsam. 


% 
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more quickly. The instruments are however sufficiently rapid to 
be also serviceable in case of more quickly erystallizing substances, 
though the accuracy will then, of course, be less. 

2. Salol can be supercooled very easily. Spontaneous erys- 
tallisation, without solid substance being purposely added to the 
supercooled liquid, can be almost entirely exeluded. The spontaneous 
setting in of erystallisation only becomes troublesome with very 
strong supercooling (more than 40°). This is, however, only the 
case when the substance is kept sufficiently dry. A slight quantity 
of water immediately causes the formation of “seeds” of the solid 
substance in different parts of the liquid. Observation is rendered 
impossible by this. 

3. The melting-point of salol is very conveniently situated (42° C.), 
so that the observations can be made in the neighbourhood of 
room temperature. 

The observation is now carried out in the following way. The 
crystallisation is started on the upper side ') of the liquid, which 
is in one leg of a U-shaped tube, by the introduction of a small 
quantity of the solid substance. For this purpose the tube is placed 
in a well-stirred thermostat filled with water. In this way the joints 
of the extremities of the thermo-element and the copper wires con- 
ducting {he current to the galvanometer, are kept at the constant 
temperature of the water in the thermostat. Accordingly the galva- 
nometer indicates the difference of temperature of the joint in the 
axis of the ceylindrical tube and the thermostat. The deflection of 
the galvanometer was plotographically registered, so that the regis- 
tered curve enables us to see and measure at a glance how the 
temperature has changed at a definite point of the axis in course 
of time. 

The curve obtained, has however, still another meaning. During 
solidification, the boundary plane of the solid and the liquid 
phase moves with constant velocity and retains its form. This ren- 
ders it probable, that the distribution of the temperature in the solid 
substancee and in the liquid will also move unchanged with this 
velocity. A theory of the process of solidification confirms this sup- 
position ?). The temperature which is registered at a definite point as 


1) To avoid convection currents in the liquid, the cerystallisation must proceed 
from above downward, and not inversely. The liquid has, indeed, the highest 
temperature at the surface of the solid phase, where the heat of fusion is liberated. 
If the hottest place of the liquid is at the top, convection currents through diffe- 
rence of temperature cannot occur. 

», H. C. Burger, These Proc. XXIII 1920, p. 616, further cited as loc. eit. 
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funetion of time, is also the distribution of. temperature that prevails 
at a definite moment as function of place in the axis of the tube. 
This distribution of the temperature moves, as it were without 
changing with uniform velocity along the thermo-element, and the 
temperatures, existing simultaneously at the different points of the 
tube, are successively observed. 

In order to be able to derive the difference of temperature between 
the joint and the water in the thermostat, from the deviation of the 
galvanometer, the amount of the deviation corresponding with one 
degree, must also be known. For this purpose a eurrent has been 
sent through the galvanometer circuit at the beginning and the end 
of every observation by an electromotive force of known value 
(2 x 10-* Volts) for some seconds. The deviation given by this 
eurrent has also been registered. 

When the elecetromotive force of the thermo-element for one 
degree of temperature difference is known, the temperature may be 
derived by comparison of the deviations during the solidification and 
that which the known electromotive force has caused. A determi- 
nation of the electromotive force with thermo-sheet tin of the kind 
out of which the thermo-elements used had been cut, had as result 
that it amounted to 41.3 x 10-6 Volts '). rd 

As in these observations rapid variations of the temperature must 
be registered, the registering drum must rotate quickly. This being 
diffieult to achieve with a elock-work provided with a balance, the 
balance was replaced by a flying-pinion. The objection to this way 
of propulsion, however, is that the movement of the registering 
drum is not uniform. For the determination of the temperature as 
funetion of the time from the temperature curves obtained, it was 
therefore necessary to place time signals on every curve. They 
were obtained as follows: a resistance was placed in the eireuit 
of the Nernst lamp, which sends its light to the mirror of the gal- 
vanometer, and then in the registering drum. The extremities of 
the resistance were connected with a clock work, which every 10 
sec. effected a contact between them momentarily. In consequence 
of the diminished resistance the intensity of the lamp increased 
every 10 sec. for a short time; hence the registered line shows 
slightly thickened parts, which recur at intervals corresponding with 
this period. This method has the advantage that there are no gaps 
in the registered curve. 


!) This result is in perfect harmony with what others have found for unrolled 
material. ’ 
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One of the registered lines is reproduced in Fig. 1'). 
The following peeularities are to be noticed with regard to this 


kıg.-1. 


line. On the lefthand side the line is horizontal and straight’). This 


means that the temperature was constant at the beginning of the 
observation. This constant temperature prevailed in the liquid which 
at first surrounded the thermo-element, and was equal to the tem- 
perature of the thermostat. The boundary of the solid phase was 
still too far off to heat the surroundings of the thermo-eleinent 
through the heat of fusion liberated there. When the solid phase 
approaches the thermo-element, the temperature begins to rise, and 
the eurve presents an ascending branch. When the boundary plane 
of the solid and the liquid phase has reached the thermo-element, 
the temperature is maximum; the curve presents a sharp point. 
Then the temperature is seen to fall again, and finally it reaches. 
again a constant value on the righthand side of the figure, viz. the 
temperature of the thermostat.\In this last stage of the process, the 
thermo-element is in the solid substance, and the surface of the 
phases is so far distant that the generation of heat taking place 
there, has no influence then. 

In this curve the maximum is of the greatest importance. It 
indicates the temperature of the boundary between the two phases. 
This temperature determines the velocity with which the boundary 
moves in the direction of the solid substance towards the liquid. 
The relation between the temperature at the boundary of the phases 
and the linear velocity of erystallisation depends on the nature of the 


!) The curve of fig. 1 was registered in 9 minutes. 
2) The break in the horizontal line is caused by a constant electromotive force, 
which enables us in the way described on p. 694 to find the temperature from 


the deviation of the galvanometer. 
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substance, and not on external eircumstances. This is not the case 
with the further eourse of the curve. This course depends on the 
properties of the tube in which the erystallisation takes place, and 
can be calculated when the necessary data about the erystallizing 
substance and the tube are known'). 

As it is of importance to determine the accurate value of the 
temperature of the boundary, it is necessary to consider the sources 
of errors that may play a part in the measurement. 

The vertex of the registered eurve in Fig. 1 is sharp, and makes 
the impression that phenomena of inertia have not played an im- 
portant part even in the quickest part of the process. This sharpness 
is, however, only apparent. When the quickness of the registering 
drum is increased, and the sensitiveness of the galvanometer dimi- 
nished, the top of the curve appears to be more or less rounded, 
as is seen in Fig. 2. 


Fig. 2. 


This rounding is not found in Fig. 1, because there the scale of 
the figure is smaller in horizontal direction, and larger in vertical 
direction than in Fig. 1. The cause of the rounding lies in the 
finite dimensions of the thermo-element. 

By extrapolation of the two branches of the curve, as is 
indicated by the dotted line in Fig. 2, an ideal eurve may be traced, 
which would give the course of the deflection of the galvanometer, 
when the thermo-element was infinitely small and the galvanometer 
infinitely quick. That this extrapolation cannot lead to a much higher 
iemperature than is shown in the figure, may appear from the 
following considerations and experiments?). 

1. The inertia of the galvanometer cannot give rise to an appre- 
ciable error. The temperature changes during its adjustment (0,07 sec.) 
by only a very small amount, even at the moment of its most 
rapid ascent or descent. 


2. As may be understood a priori, the breadth of the thermo- 


I) less, 


2) This appears, however, most convincingly from the agreement between the 
caleulated and the observed temperature (see p. 701). 
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element has only little influence on the observed temperature. Both 
the quantity of substance that is to be heated (metal of which the 
thermo-element consists) and the quantity of substance which directly 
causes the heating (salol), are about proportional to the width of the 
thermo-strip. The rise of the temperature will, therefore, not depend 
on this width. 

The width can, however, have influenee on the rise of the 
temperature of the joint, because the heat which the thermo-strip 
leads off through the glass wall, is proportional to the width. As 
an approximate calculation teaches, this quantity of heat is, however, 
very small, and will, therefore, not appreciably influence the result 
of the measurement. 

Öbservations with thermo-elements of different widths (75 to 
200 u) have proved that the rise of temperature decreases slightly, 
when the width of the element increases. This influence of the 
breadtli is very probably owing to a slight obliqueness of the 
thermo-strip. If this is exactly at right angles to the axis of the 
tube, it indieates the temperature in a plane that is at right angles 
to this axis, and in which the temperature depends but little on the 
place. If, however, the strip is placed obliquely, it indicates a mean 
temperature of different perpendiceular sections of the tube. The 
“thiekness of the layer over which the temperature is averaged, is. 
proportional to the width of the strip. In consequence of this the 
top of the curve, which strietly speaking, ought to be perfectly 
sharp '), is rounded, and the more so, as the ihermo-element is 
.broader with the same obliqueness. If the thermo-element is adjusted 
with great care, this error cannot reach a great amount either. 

3. The influence of the thickness of the thermo-element is more 
difieult to estimate a priori, than that of the breadth. It is self- 
evident that the rise of temperature measured with thick material, 
is smaller tban that which is determined with thinner thermo- 
elements. Whether, however, the real temperature is sufficiently elosely 
approximated when the thickness amounts to 5 u, as was Ihe case 
in my first measurements, can only be deeided when the influence 
of the thiekness on the rise of temperature, is examined. For this 
reason I have repeated the measurement with the same tube and 
at the same temperature of the thermostat, with thermo-elements of 
different thicknesses, varying: from 1.4 to 13 u. As was to be expected 
the rise of temperature decreased with increasing thickness of the 
thermo-element. The difference in temperature, however, amounled 


) j. €. where the differential quotient of the temperature as function of the 
time, would have to be discontinuous. 
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only to some tenths of degrees for the thickest and the thinnest 
material. After this the measurements were carried out with thermo- 
elements of 1.4 u thiekness. The temperature which these thin 
elements indicate, differs so little from that which would be found 
with an infinitely thin thermo-strip, that the remaining error may 
be neglected by the side of the other errors. 


2. We shall now proceed to a discussion of the results of the 
measurements guided by the theory '). 

In order, however, to be able to apply the”theory, and also. to 
be able to caleulate the temperature that has been observed, & 
number of quantities must be measured, which occur in the theory. 

These quantities are: 

1. The linear velocity of erystallisation of salol at different tempera- 
tures of the thermostat and in tubes of different internal and external 
dimensions; 

2. The specific heat of the solid. substanee-and of the liquid; 

3. The melting-heat of salol; 

4. The density of the solid substance and of the liquid; 

5. The thermal conductivity of the solid substance and of the 
liquid ; ’) 

6. The interior and exterior radius of the tube. 

The results of these measurements were the following: 

1. The linear velocity of crystallisation was determined in three 
different tubes, which have also been used for temperature observa- 
tions. The temperature of the thermostat ranged between about 0° 
to 29° C. Measurements of the velocity of erystallisation above a tem- 
perature of from 22° to 29°, dependent on the thickness of the tube, 
have no value. When we get too near the melting-point (42°), the 
erystallisation proceeds irregularly, and the velocity of erystallisation 
is not constant. It can be observed that the surface of the solid 
phase, which is convex and smooth and has a definite form at 
lower temperatures, becomes concave and irregular of form. Theory’) 
is able to account for this fact. 

The maximum velocity appeared to be 3.68 mm. a minute in- 
dependent of the bore of the tube‘). This value refers to pure salol. 


') Loe. cit. 


?) I take great pleasure in expressing once more my hearty thanks to Miss A 
M. HurrnaceL for the trouble she has taken to measure these quantities. 
3) Loc. eit. 


‘) The temperature of the thermostat at which this maximum occurred, does 
depend on the dimensions of the tube. 
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Impurities diminish the maximum velocity of erystallisation. Therefore 
the substance has been recrystallized before it was used, till the 
velocity of cıystallisation no longer varied.') 

2. The determination of tbe specific heat took place in the usual 
way in a calorimeter filled with water. The liquid salol had been 
fused into a glass tube to prevent cerystallisation of the supercooled 
substance. . | 

The values found were for solid substances and liquids resp. 

c, =0.35 
= 87 

3. In order. to measure the heat of fusion, a tube filled with 
melted supercooled salol was put in the calorimeter, and then left 
till the temperature had become constant. By placing a particle of 
the solid substance into the supercooled salol, erystallisation was 
started. The heat of fusion followed from the rise of temperature 
found. The former depends on the temperature, in this way that 
the increase per degree is equal to the difference c, — c, = 0.02 of 
the specific heats of the liquid and the solid phase. For the end in 
view determination of the value of the heat of fusion at a tem- 
perature not Iying too far under the melting-point e.g. 16°, will 
suffice. 

As this temperature the heat of fusion is found to be: 


= 18.2 cal, 

4. The density of the liquid was determined in the supercooled state 

by means of a pyenometer, and amounted at room-temperature to: 
0, 1.203 ' 

The ratio ‘of the densities of solid and liquid phase was found 
from the contraetion on solidification in a cylindrical tube. 

The density of the solid substance appeared to be: 

o, = 1.285. 

5. The conductivity was measured in comparison with that of 
glycerine. These relative measurements were carried out in the 
following way. 

I) Great care should be taken not to heat the substance too much above its 
melting-point, because a change takes place at higher temperature, which greatly 
diminishes the velocity of crystallisation. This phenomenon can possibly explain 


why Tammann has found a smaller: value (3.46 m.m. per minute) forthe maximum 
velocity of erystallisation. When the substance which has been changed by too 


great heating, is recrystallized several times with avoidance of temperatures 


above 100°, the rate of erystallisation decreases. For the sufficiently purified sub- 
stance the value of 3.68 m.m. a minute is always again found for the maximum 
velocity of erystallisation. 
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The substances with known and unknown conductivity respectively 
are placed between three parallel copper plates. The upmost plate is 
electrically heated, the downmost is cooled with water. The differences 
of temperature between the plates have been measured thermo- 
electrieally. The ratio of the conductivity of the two substances is 
found from tbe differences of the temperature and the thicknesses 
of the layers. When for glycerine the value: 

= 72:5 X 10 
is taken for the conductivity, the following values are found for 
solid and liquid salol respectively : £ 
a a ia 
— 43 x.10, 

It is worthy of note here, that the diffieulties which are met with 
in measurements of eonductivity of heat are greater than those in the 
other measurements which have been mentioned in this paper. Errors 
should therefore, for the greater part be attributed to the measure- 
ments of the conductivity. 

6. The exterior diameter of the tubes used has been measured 
with a micrometer screw. The interior diameter is determined by 
weighing of a quantity of mercury, which has filled a known length 
of the tube. 

The conductivity of glass, which has also influence on the meas- 
ured temperature, has not been determined. For this quantity 
different values have, indeed, been found according to the kind of 
glass that was examined, but the influence of the thermal conduc- 
tivity in the glass wall is comparatively small, so thata mean value 
suffices. For this has been taken: 

% = 180 = 102. 

By the aid of the results of the said measurements, the tempera- 
ture on solidification in a definite tube can be numerically caleulated. 
The measurements having been carried out in a point of the axis 
of the tube, r—=0 should be put in the formulae. The calculation 
has only been completely carried ‚out for a single case. The compar- 
ison of theory and direct observation cannot yield new results, but 
only corroborate the correetness of theory and observations. 

The tube for which the caleulation was made, has as bore: 


a= 0.88 mm. 
The thiekness of the glass wall was: 
— 091 mm. 


The temperature of the thermostat was 16° during the observations.. 
At this temperature the velocity of cerystallisation was maximum in 


u 5 5 Zi 
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the tnbe used. Hence an error in the temperature of the thermostat 
has little influence on the rise of temperature in the solidifying 
substance. 

The rise of temperature is measured as function of the time. The 
velocity of erystallisation being known, the temperature in the tube 
is easy to find as function of the position because the distribution of 


temperature prevailing at one moment moves uniformly past the 
thermo-element. 


Hheoretische kromme 
Orex waargeromen lemperalaurstyging 


Temperaluursverhooging 


Afstand tol het grensolak 
-0.2 -01 {N 


Fig. 3. 


Every ten seconds a time signal is given in the registered curve. 
The temperature has been calculated at the moment of these signals, 
and this has been done besides at the intermediate moments, so that 
the temperature is known every five seconds. The values ihus 
obtained are drawn on four curves (fig. 3) with different symbols. 
Also the calculated curve is reproduced in the same figure. The 
ordinate represents the rise of temperature, and the abscissa the 
distance in cm. to the boundary plane of the phases. The agreement 
of the measurements with the theoretical curve confirms the correct- 
ness of theory and observation. | 

Even without a complete caleulation of the theoretical distribution 
of the temperature, a few particularities met with in the measurement 
of the temperature, can be explained from the theory. 
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1. At the same temperature of the thermostat the temperature of 
the boundary of the phases (maximum temperature in the registered 
eurve) is the higher as the interior diameter a of the tube used is 
greater. Measurements with tubes of which the bore a varied from 
0,45 to 2,8 mm. had the result tlıat the rise of temperature of the 
surface of the solid phase was about proportional to a. 

This observed fact is in accordance with the theory '), as may 
appear in the following way. 

If the glass wall of the tube is not too thick, it may be supposed 
that approximately the temperature for r=a, i.e. at the boundary 
plane of salol and glass, is equal to that of the surroundings. The 
values &,® and &,®, which oceur in the theory, then become equal 
to the roots of the Bessel funetion J,, hence independent ofa’). In 


the constants p,® and p»,'% the terms- containing v are still smaller 
c2 
compared with the term When the terms containing v are neglect- 
ed, we have approximately: 
Era 

Also the conslants «axı and Pf, are approximately independent of 
a, because this is the case with &(®), 

When we confine ourselves to the first and greatest term of the 
series that gives the rise of temperature 9 as function of tbe distance 
x to the boundary of the two phases, we find for the temperature 
at this boundary: 

0 “ Er N 
td} 15, + A) 

It appears from this formula that really 9 is about proportional 
to the radius a of the bore of the tube used. 

2. The registered curves are asymmetrical. The ascending branch 
(temperature in the liquid phase) is steeper than the descending 
branch (temperature in the solid phase). This difference is the smaller 
as the velocity of erystallisation v is the smaller. 

Theory completely accounts for these observed facts. The greater 
or less steepness of .the two branches of the eurve depends on the 
quantities p,% and p,®. It appears from the formulae 17 and 2% that 
in consequence of the term before the root-sign: 

»<p®. ') 


The difference of p, and p, is the greater as v is greater. 


1) Joe. eıit. 
%) loe. cit. p- 9 ef. p. 10. 
3) &,(k) and &,(k) differ but little. 
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& (k) &,M) 


== i (k) — 
Pı a Ps ” h) 


in this case »,(® and p,(® are almost equal, and the registered eurve 
must consist of two almost identical eurves. 


As was stated before (p. 696), the velocity with which the boun- 


Aristallisattesnelherd ın mM per men, 


Temperatur van het grensulak der zhasen 


Fig. 4. 


dary of the phases moves, will depend on the temperature, prevail- 
ing at that boundary plane. The aim of my investigation was, 
besides testing the theory of the problem of the conductivity of 
heat which we meet with in cases of solidification, the determination 
of. the functional relation between velocity of crystallisation and 
boundary: temperature. This relation is completely determined by 
tbe nature. of the substance (salol), and does not depend on the 
peculiarities of the method of observation '). 


I) In fig. 4 the observations made with different tubes, are indicated by different 
symbols. 
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Every registered curve can serve for the determination of a point 
of the eurve that indicates the relation between rate of cerystallisa- 
tion and boundary temperature. The sum of the temperature of the 
thermostat and the rise of temperature following from the curve, 
gives the boundary temperature. The temperature of the thermostat 
and the dimensions of the tube determine the velocity of erystalli- 
sation, which can be derived from the results of the measurements 
carried out with this purpose (p. 698). 

In fig. 4 the abseissa is the temperature of the boundary plane 
of the phases and the ordinate the velocity of erystallisation. As 
appears from the figure, the temperature does not reach the melting- 
point (42°) in any of the measurements, but always remains far 
below it‘). The observations yielding temperatures of the boundary 
above 29 are of no value in consequence of the phenomenon 
mentioned on p. 698, hence they have not been reproduecd in fig. 4. 
When one wants to determine the portion of the eurve above 29°, 
another experimental method must be followed, in which the process 
of soliditication has a mathematically defined course also near the 
melting-point, and does not depend on accidental disturbances. 

I am greatly indebted to the instrument maker of the Physical 
Laboratory, Mr. @. KoorscHiss, for the trouble he has taken boring 
the holes in the tubes used by me. 


Institute for Theoretical Physics. 
Utrecht, June 1920. 


!) J. PERRIn, Ann. de Phys. Tome XI, serie 9, p. 96. 1919. 


Physiology. — “On the Observation and Representation of Thin 
Threads”. By _Prof. W.. EıntHoven. 


(Gommunicated at the meeting of September 25, 1920). 


A full discussion of this subjeet will be published elsewhere; a 
few conelusions, however, may be given here. 

I. Threads of 0.1 to 0.2 u can easily be observed with the naked 
eye as light lines on a dark background. Without diffieulty they 
can be shot or blown, fixed, trausferred, put under the microscope, 
bombarded, and stretched out in the galvanometer. 

2. Any thread that can exist, however thin it may be, can be 
made ultra-mieroscopically visible, when we are only able to bring 
it under the microscope in an efficient way. When it is assumed 
that in case of uniform radiation of a thread the quantity of light 
reflected by it, decreases in direct ratio to its diameter, the dia- 
meter of the thinnest thread visible is calculated at 0,2 x 106 um, 
By way of comparison it may be said that the diameter of a hydrogen 
molecule is about a million times larger. 

3. The power to see the thinnest dark thread against a light 
background with the unaided eye is not determined by the dimen- 
sions of the cones on the retina, but by the power to distinguish 
two degrees of brightness. Two luminous points or luminous lines 
which approach each other more and more are still observed sepa- 
rately when they are represented.on the retina at a distance apart 
corresponding to the diameter of a cone at which they appear at a 
visual angle of 60"; a thread, however, can still be seen at an 
angle of 2". 

4. Every eircumstance which renders the microscopie image of a 
dark thread against a light background less sharp, increases the 
apparent diameter of the thread. As no microscope comes up to 
ideal demands, it may, therefore, be assumed, that the results of 
the measurements made with this instrument either agree with 
reality or give too high values, so that the threads mentioned in 
this paper are really 0,1 or 0,2 a thiek or thinner. 

5. The conditions to observe the thinnest dark thread against a 
light background with tlıe microscope, and represent it, are different 
from those which hold for seeing two luminous points or lines separate 
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which approach each other more and more. If the aperture of the 
projection-objeetive is N and the wave-length of the light 2, the 
distance of the still distinguishable points or lines is generally 
assumed to be: 
2 
Zn 

which for N = 0,95 and 2— 0,6 u yields the value of 0,31 u for /. 
The central diffraetion-dises, which are formed in the image of each 
of the two luminous points, overlap for the distance of the length 
of the radius of the dises. 

On the other hand a thread of 0,2 u is represented sharply defined 
and contrasted with an objective of the same aperture. The edges 
are so sharply drawn that a number of small unevennesses becomes 
separately visible. 

6. When the same thread is represented with an objective the 
aperture of which is 0,18, the image becomes, indeed, less sharply 
contrasted and less definite, but it remains clear enough to be useful 
for many purposes. In this the central diffraction dises formed of a 
luminous point on one edge of the thread, and of one ofan opposite 
point on the other edge overlap to an amount of P= 94°/, of the 
diameter of the dises. 

7. In the direct observation of threads without application of the 
mieroscope we found as maximum values of.P.... 98,2°/, and 
98,5°/,. Probably equally great and even greater values of P can 
be reached in the case of microscopie representation. 

8. There is every reason to assume that with commercial objectives 
a serviceable image may still be obtained of a thread of 0,04 u. 

At the meeting photos were, in fact, exhibited of a bombarded quartz 
thread, the diameter of which was to all probability of the said 
order of magnitude. 


Ra 
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Astronomy. — “The Distance of the Dark Nebulae in Taurus”. 
By Dr. A. Pannerork. (Communicated by Prof. J. C. Kaprern). 


(Communicated at the meeting of Sept. 25, 1920). 


$ 1. Various investigations made in recent years, have demonstrated 
ever more clearly the existence of dark cosmie nebulae, that aborb 
and weaken the light of the stars behind them. Between the luminous 
patches and streams in the Galaxy, dark spots and cavilies are seen, 
which were originally considered as empty spacesin thestar-filledgalactie 
system. The improbability of these empty spaces extending as conie 
tubes through Herscher’s lenticular star-system, with our sun as 
vertex, constituted one of the main arguments for the conception of 
the Galaxy as a ring of no great extension in depth. For a long 
time the possibility that they should originate by means of absorption 
has played no part in the theories concerning the structure of the 
universe. 

It is through the photographs of Max Worr and BarnaArD that we 
first have become acquainted with numerous details scarcely allowing 
of any other interpretation. Small dark spots are to be seen in the 
midst of the luminous star elouds; long, dark, fantastically shaped 
lanes interseet the luminous parts, and are evidently connected with 
faintly luminous nebulae. Max Worr has repeatedly pointed out the 
existence of extensive absorbing nebulous masses, as one of the 
main causes that determine the aspect of the Galaxy. The galactie 
system is then to be considered as a mixture of dense starclouds, 
lauminous nebnlae and dark nebulous masses. 

In an investigation of some star-photographs in Aquila '), comprising 
the densest parts of a stareloud and also a black spot therein, 
the author of the present article found that in the black spot the 
densities of the stars from the 11! to the 15'" magnitude were all 
smaller in the same proportion, compared with the cloud besides it; 
if the spot were caused by absorption, the absorbing substance should 
therefore not lie in the far depths of the stareloud, but a great deal 
nearer by, so that it was only accidentally projected against this 
luminous background. 


1) A’ PANNEKORk. Investigation of a galactic cloud in Aquila. Proceedings R. A. 


of S. Amsterdam, Vol. XXI, Nr. 10. (March 1919). 
46 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 


708 


That objects of this kind do not present themselves in the Galaxy 
alone, became evident from the investigations of BAarnarD, who 
published a list of 182 ınostly small, dark objects, ') which, though 
they were best discernible against the bright background of the 
Galaxy, are yet to be found also outside it, and which here and 
there are even directly visible by means of telescopes as intensely 
black spots. The wide extension of this absorbing substance became 
evident in yet another way, by an investigation of the general 
distribution of the stars up to the 11! magnitude’). It was found 
here that around two places with a considerable deficieney of stars, 
in Taurus and Ophiuchus, as around two centres of obscuration, there 
are wide regions where the number of stars is below the normal. 
As this investigation was carried out by means of averages over 
extensive regions, it could only give a general image, which could 
be eqnally well explained by a certain distribution of the stars in 
space, as by the effect of an absorption. But it became evident that 
in. the one kernel, in Taurus, the distribution of the density of the stars 
to the 11! magnitude was very irregular, and that the poorest 
regions were precisely those, where, according to BArNARrD’s catalogue, 
a number of black objeets have accumulated; this points to absorpt- 
ion as the most likely explanation of the general distribution of 
stars over the sky we had found. 

We get a still clearer image of the irregularities in the star- 
distribution in this Taurus-region by an investigation of Dyson and 
MetorTre’) by means of the FrankLın-Apams plates, which show the 
stars up to magnitude 15,8. The counts proved that there are mainly 
three regions of strongest obscuration, the irregular shapes of which 
are visible on the adjoining chart: about 320% + 30° (S.W. of 
5 Persei), 4"30n + 26° (between the Pleiades and £& Tauri) and 
520” + 25° (S.W. of 8 Tauri). By comparing the numbers of stars 
of different sources, they come to the same conelusion, that these 
absorbing nebulous masses must be situated relatively near to us, 
“Thus, taking the area as a whole, we find the number of stars is 
about one fifth of the normal number whether we go down to 
magnitude 9”,0, 11”,0 or 14”,0. This would seem to indieate, that 


!) E. E. BarnarD, On the dark markings of the sky. Astrophysical Journal 49, 
1. (Jan. 1919). 


2) A. PAnNEKOEK, On the distribution of the stars of the 11th magnitude. 
Monthly Notices of R. A. S. 79, 333 (March 1919). 

®) Sır F. W. Dysox and P. J. Merorre, The region of the sky between R.A, 
3h and 5h 30 m and N. Dec. 20° to 35°. Monthly Notices of R. A. S. 80. 3 
(Nov. 1919). 
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if the small density is caused by absorbing matter, the screen cannot 
be at a great distance, say not more than 200 or 300 parsecs at 
most.” (l.c. page 6). However, as the P. M. of the stars up to the 
9%" magnitude in the dark regions are found to be no higher than 
elsewhere, so that no larger average distance is pointed out, this 
eonclusion again becomes uncertain. For the present investigation, 


- which proposes to asceftain more accurately the distance of these 


absorbing nebulae, the chart of star-counts adjoined to their treatise 


‚proved to be most useful. 


$ 2. In order to deduce from the star-densities the distance of 
an absorbing nebula, we must first theoretically investigate what is 
the influence of an absorbing screen on the number of stars of 
different magnitude. We suppose that the luminosity-funetion is 


- known according to the formula of Karrzyn; for the logarithm of 


a5 


un 
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the star-density as function of the distance we likewise, according 
to the empirical data, assume a quadratic formula. We call m the 
magnitude, M the absolute magnitude of the stars, and introduce as 
modulus of the distance o=5logr, where e=0 for = ("1 is 


5 


taken '): then 
1 l 
loy p(M) = Const — Br (M—M,)’ log A (0) = Const — „ee 
The number of stars of magnitude m will be 
FE ä 0,6 2 en (m— M,—p)? A“ 0,6 — A N 2 
A(m) = A (eo) 10 a2 do = | 10 aa Free do 


—& >= 


2 un >5, (0, M + 0,38’) 


1 
or log A (m) = Const — — 
= +B 


l 1 
For the luminosity-funetion — a and M, = 9 was 
[44 
assumed. For the zone between 5 = 20° and 40°, in which the 


Taurus-regions are situated, the following formula was deduced from 
the numbers of van Ruin 


1 
log Alm) = Const +0,630 m — 0,0118 m’—Const — FT: (m —27)* 


which is met by the values + ®"—=86, ?—=52, M+o,=1l, 
0,—=2. These values will be used in the following caleulations. 
If at the distance o, there is a screen, absorbing & magnitudes, 


Si 


1) If we call absolute magnitude M the magnitude for r=1."0, all x in this 


- article should be increased by 5 and all M diminished by the same number. 
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then from the more remote stars we do not see those with M= m—8, 
but those with M=m-—e—o as stars of the magnitude m. The 
number of stars of this magnitude A'„ will be 

PAı 1 


Sl AN a [2 EN 
Be ” 
These two integrals, taken between the limits + ® , represent the 
numbers A„ and A„-.:. If now we put 


(@ + B°)o, — 0,30 6 — a0, — B’(m—M,) _ 


1 q 
= (m—M)— ep) En 


Fe &] 
aß Ve 
(a? +?) oe, — 0,3 aß" — ag, — P} (m—M,—#) — 
aßV a’ pP? ; 
% = 
1 1 » R 
and ——— 10-2? d = Yı PEN he dt —y, 

ar loge Vr log e 


xy 


2 


then 
u 

While the number A,„ is obtained from the combination of stars 
at all distances, by means of integration between = © of a function, 
proceeding according to the probability-curve, the number A’„ is 
found from two such eurves, belonging to ım and m—e; from_the 
first is taken a part between — oo and «, indicated by the fraction 
y, (the stars in front of the absorbing screen); of the second the 
part between x, and + ©, indieated by the fraction y, (the stars 
behind the nebula). From the above numbers we find 

v, = 0,220, — 1,93 — 0,132 (m —9) 0, = a, + 0;132 8 

By means of these formulae and a list of values of A,„, corre- 
sponding* to it, the values of A',„, for different suppositions concerning 
g, and e were computed. To compare them more easily with the 
results of starcounts, we calculated from the A'„ the N’„13, the 
total numbers of stars brighter than m + 3, and these were compared 
with the normal number Ny„+;. The values log N—log N', the 
logarithmie defect in starnumber, then forms the best measure for 
the influence of the absorbing nebula. These values have been united 
in the following table. 

From these values, which are graphically represented in our figure 
it appears: 

a. The influence of the absorption extends, slowly varying, over 
almost all magnitudes that are open to our investigation. This is 
especially a result of the great spreading of the luminosity-function. 


E 1435 A =17,25 £ı = 10,25 
e=1 e=2 e=4 je=1] D=2 4 ea] e=2 84 

2 

5 0,093 0,105 | 0,105 |0,006 | 0,006 | 0,006 

ft 135 155 158 t 012 013 013 

‘ 184 221 226 | 021 023 023 

i 239 301 sıı | 085 | 039 039 

: 295 396 417 057 064 065 10,003 0,003 0,003 

4 345 500 543 | 085 | 099 100 | 006 006 006 

A 383 605 689 1227) 146 150 011 012 012 
G 404 697 854 | 164 206 214 | 019 021 021 
3 408 761 1,033 210 279 294 032 036 036 
es 399 188 1,214 DIS 361 393 051 059 060 
es 382 180 | 1,3755 | 289 | 448 509 | 075 091 093 
e 360 149 | 1,479 | 312 | 527 641 | 106 133 138 

337 105 1,500 320 587 785 140 186 196 
- 314 657 | 1,448 | 315 617 933 | 174 247 269 
2866 ı 605 | 1,354 | 295 | 610 | 1,060 | 200 308 350 
= 266 560 |1254 | 277 586 | 1,153 | 224 373 452 
= 258,14 546 3+1.1,199.1 9 236 426 563 
> 233 500 | 1,140 | 235 456 676 
E 212 454 | 1,059 | 225 460 778 
| 


b. For fainter stars the logarithmie defect strongly increases at 
first, until a maximum is reached (about proportional to the absorp- 
tion), and the values again decrease. This is due to the fact that 
for the faint magnitudes an ever greater majority of the stars lies 
behind the nebula, so that the logarithmie defeet approaches ever 
more to the difference log Nm—log N„-:; for fainter magnitudes, 
however, this difference decreases. 

c. For the bright stars, where the influence of the absorption 
begins to be felt, the logarithmic defect changes but little with the 
absorption-coefficient. The reason is that here the obscured stars 
behind the screen play hardly any part at all. The decrease in the 


number of stars is almost entirely a result of the falling off of the 
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more remote stars of the magnitude m. For increasing & the 
logarithinie defect approaches here to a limit-value (calculated from 


6 7 8 5, 10 7 El 1% 15 16 7 18. 10° 20 
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Fig. 1. 


the unobscured stars before the screen only), as represented in the 
drawing by the heavy line (e = »). 

d. For the bright magnitudes the value of the logarithmie defect 
depends mainly on the distance e,, for the faint magnitudes it depends 
in the first place on the absorption-coefficient € of the dark nebula. 
For increasing o, the effect of one and the same absorption on the 
logarithmie defect decreases.. 

From this follows in the first place, tbat it will be difficult to 
apply this method in general. In the case of small black spots (like 
the triid hole near x Aquilae) the defeet can be ascertained over 
some magnitudes (e.g. from the 11!" to the 16‘ magnitude), 
but this range is too small to separate the two unknowns o, ande 
and to find both; the number of brighter stars is too small to allow 
of any deductions. As we require data over the most divergent 
magnitudes, this method can only be profitably applied to regions 
of such extent, that it gives us the disposal also over a suffieient 


material of bright stars. This is the case with the dark nebulae in 
Taurus. 


$ 3. For the star-density N’, the following sources have been used: 
a. The “Bonner Durchmusterung” up to’ the siar-magnitudes 6,5, 
8,0 and 9,0 inel. (the total number up to 9,5 could not be used, on 
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account of the inequality and uncertainty of the limiting magnitude). 
The normal density N,„ was adopted from the lists “Groningen 
Publications 18”; the argument, the limiting magnitude after the 
scale of Groningen 18, was taken, according to SeRLIGER, dependent 
on the star-density, and was for the lowest limit still correeted 
by 0,11,') which gave 


6,56—0,023 (D—0,7); = 8,12— 0,068 (D—0,7); 9,36— 0,246 (D—0,7). 


On the average these limits in photometric scale are 6.6, 8.1 
and 9.4. 

b. Two of Kapruyn’s “Selected Areas” come within this region: 
N’. 47 and N’. 48; N’. 48 is situated eloser to the centre, but according to 
the chart of Dyson and MErorte just outside a region with strong 
absorption; N’. 47, though more distant, comes just within the dark 
field S.W. from & Persei. In the “Durchmusterung of Selected 
Areas” ?) the numbers of stars were counted up to 12,0, 13,0, 14,0, 
15,0, and on Area 47 up to 16,0 (faintest stars 15,96 resp. 16,49). 

c. From the Dyson and MektorTe chart, for every part of the 
region from 3" to 5"30” and 20° up to 35° we could draw the 
star-density per 100 square minutes on the FRAnKLIN-ADAMS plates, 
already reduced to a common system. Regarding the limiting mag- 
nitude, for which these densities count, the authors say: “The 
limiting magnitude is not accurately fixed, but may be taken at 
about 15,8 and should be within 0,25 of this figure’ ?). I have 
tried to control these data by making use of the three “Selected Areas’ 
(47, 48, 49) falling within this region. To this end the log N’ for 
these places, as deduced from the Dyson and Merortz chart, was 
compared to that of Kaprern for m=13, 14, 15 (and 16) and 
thus, through interpolation or extrapolation of the deviations from 
the normal /oy N the limiting magnitude was deduced, The values 
thus obtained are 16,02, 15,83 and 15,90: their average 15,9 has 
been adopted. For the rest a mistake of 0,1 in this value gives a 
mistake in the log N of 0.03 only. 

d. The data of the photographie “Carte du Ciel” cannot in gene- 
ral be used here. The great accidental irregularities in the limiting 
magnitude of the separate plates does not prevent the fixing of 
average densities and an average limiting magnitude, it is true, but 
in this case it is the separate plates that count, and these can be 


I) See with regard to this A. PANNEKOEK, Researches into the structure of the 


Galaxy. These Proceedings, Vol. XII, p. 254. 
2) Annals of Harvard College Observatory. Vol. Cl. 


s) ]. c. page. 4. 
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greatly divergent from the average. This difieulty disappears, ifthe 
aceidental irregularities can be abolished by reduction to one system, 
which is feasible if a great number of plates are joined so as to 
partly cover one another. With chart-plates this does not happen 
anywhere; but it does in the case of the Paris catalogue-plates, of 
which the zones 22°, 23° and 24° have been published complete. 
As in this case the centres of the one zone concur with the corners 
of an adjoining zone, each plate has a quadrant in common with 


each of the 4 surrounding plates. In this way it was possible to 


reduce all the plates of these three zones between 3>16” and 532” 
to their average. A few partieulars regarding this reduction will 
be added here. 

Two consecutive plates a-and 5 of the central zone (23°) can be 
joined together by a plate of the N\-zone (24°) c, which has a qua- 
drant in common with both, and also by one of the ‚S-zone (22°) d. 


2.1 
If we call the quadrants the density (5): density (a) = 6. x = } 
4.3 e er = 
b T, 
and likewise — 1 Bee For the logarithmie difference in density of 
bi ( + 


every two consecutive plates of the central zone we get therefore 
two values, the concurrence of which gives a measure of the aceu- 
rateness obtainable. We must bear in mind that the quadrants on 


the adjoining plates do not accurately concur, because of the con-. 


vergence of the deelination-eireles, and because they stretch 65” 
from the centre. The results obtained, starting with log d (3724) 
— log d(316*) and ending with log d (5740”) — log d (532) (in 
units of the 3rd decimal), are: 


from de N. plate +046 +070 —161 +030 +216 —240 -029 +369 —002 
from de S. plate +027 +106 —335 +23 +298 535 —115 4490 —03 
adopted +036 +088 —248 +131 +257 —387 --40 1430 —037 

+639 —816 4807 —552 +359 1094 529 +500 —165 

4469 —856 +637 —531 +382 +168 —588 1451 —120 

4554 —836 +722 —541 +370 +131 —558 +476 —142 


Herefrom for every plate of the middle-zone the deviations from 
a medium-value were deduced and from these numbers the same was 
found for the N- and the S-zone; these values, with eontrary sign 
give the logarithmie reduction for each plate, the logarithm of the 
factor, by which tlıe number of stars on that plate is to be muitiplied, 


in order to count for the same average limiting magnitude. They 
are in the sequence of decreasing R.A.: | 
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—09 +10 +01 —17 407 —05 —05 +17 —02 —04 +06 +18 —03 407-408 402 414-437 
—14 -28 +20 —36 --23+14—40 +32 —51 404 00+43-439 00 426-139 414123126 
—05 —07 —12 —05 — 15 —16 —17 —09 —05 —33 406 —14 —34 - 12 —05 105 —10 417 


lf on each plate a systematie difference exists between the E. and 
— _W. side, this reduction will produce a systematic error, increasing 
with the R. A. because the ring’ is not elosed; the accidental errors, 
also because we have but three zones, will be eliminated to only a 
_ very slight degree. All the same the very considerable jumps in the 
 limiting magnitude will thus be practically neutralized. This is evident 
also from the regular course of the reduced numbers of stars, which 
now run nearly parallel with the course of density according to the 
FRANKLIN-ADams plates, which is not the case with the non-reduced 
numbers. These numbers for the separate quadrants are given in the 
following list; (for the middle rows it gives two values, the upper 
one of which is always taken from the N-plate): 


h h 

5 4 
En m a na m m 
141 124 110 39 30 3 5 371675 63 53 53 12,.13,.13,,28 


30 
134 120 138 73 29 28 40 2153 69 172 73 45 39 39 41 24 19 
151 130 124 142 71 30 27 39 8352 Mım1 75 49 36 40 41 27 17 


154 159 174 163 146 90 38 21 4652 83 19 74 46 58 54 51 31 
36 60 


52 
143 176 170 143 93 20 4852 85 78 75 51 48 
5 


184 151 159 170 116 49 34 41 48 58 58 57 70 61 35 47 49 


us ec eo 5 ar a4 0 36 32 23 24 20 16 12 
25° 
19 14 38 42 42 38 31 68 75 123 107 154 80 60 72 76 63 


80 
249 
69 78 70 88 70 101 89 81 771155 71 46 69 50 TI 60 
64 83 75 81 83 85 85 86 69 174 79 41 68 51 70 58 71 


37 
36 
16 46 65 62 65 71456 68 68 67 78 83 56 44 51 49 66 71 47 
45 
39 


a 
61 67 16866 57 65 71 69 93 68 40 51 51 67 73 


22° 
39 33 a1 4348 66 76 83 714 83 43 36 22.54 61 40 


21° 


These numbers must be multiplied by 12° : 13” to obtain the 
numbers per square degree. If we may assume, that the average 
limiting magnitude of these 55 plates corresponds to the average 
value for the entire sky, the limiting magnitude deduced from the 


entire zones 23°—24° by means of the tables of “Groningen 27, 
viz. 12.20 must be used here. 
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$ 4. In this part of the sky eight regions, bounded by irregular 
polygones, were more closely examined: A and B comprise about 
the two. darkest regions of absorption 320” + 31° and 430" + 26; 
C, D, E, and F lie to the North, the East and the South around 
B, and contain regions with few stars, that are partly darkely traced 
on the chart of Dyson and MrLorte; and @ and H are richer 
regions with centra 340m + 27° and 44m + 32°. For the regions 
E and F 21° and 25° were taken as limits of declination, in order 
that the Paris results might be used. For each of these fields the 
B. D. stars were counted and divided by the area (for #5 stars 
up to 6,5, 3 of 6,6--8,0 and 3 of 8,1—9.0 were subtracted as 
Hyades-stars). In the same manner the average density for Paris 
was calculated. For the FRANKLIN-ADAMS plates average values were 
caleulated from the density-figures on the chart of D. and M. 


| A B | C D E F' | G | H. 
surface. 28.3 26,6 21.0 295 24.0 36.8 | 39.9 46.2 
gal. lat. 212 13° 8° 8° | 9° 16° 21° 13° 
—6,5 0.32 0.23 0.19 0.20 0.12 0.19 0.07 | 0.30 
En —8,0 1.10 0.60 1.05 0.88 0.67 0.87 0.937177 123 
square | —-9,0 3.82 2.03 2.86 3.29 3.71 2.93 4.14 5.07 
degree 
—95 | 10 6 10 8 15 11 14 15 
Paris per sq. d. 40.4 36.1 
Fr.-A. p. 100 9,6 9.3 13 15 18 11.3 24 26 


log N (6,6) | 951 | 9386| 928| 930 9088| 9281 985 | 948 
» 8) | 041 98| 0002| 94| 9383| 99%| 997 00 
„. 04 | o5ss| 0311| 0466| 0532| 0537| 0471| 082) 0% 
se 122) 1.61 | 1.56 
» (153) 122541 2521, 2674 2,934. 28.5) Sci Zum u 
log N'/n (6,6) | +0.14 | 0.09 | —0.22 |' 0.20 | —0.42 |, —0.14 | —0.52 | 40.04 


81) u, 10,,— 46.27.) a5 | ach ee: 
A LT 57.48 | ea 
22 reg 

» 59) |1-41-9|- 8|-e|- a #|-0ol_- vo 


In these values for the logarithmie defeet the following charac- 
teristics may be noted: 
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a. The difference between tlie strongly and the slightly obscured 


regions is not noticeable at all with the bright D. M. stars up to 


6,5, and it is hardly noticeable with those up to the 8:h magnitude; 
it is only with those üp to the 9'b that @ and A differ considerably 
from the others. By the accidental uncertainty of the numbers the 
difference between the more or less obscured regions A— F is not 
clearly evident. 

b. The defect for the stars up to 15.9 is about as great as that 
for the stars up to 9.4, This corresponds to the results obtained by 
Dyson and Merorte. 

c The Paris results for the fields # and F point to the fact that 
the logarithmie defect for the limiting magnitudes between 10 and 
15 is greater. 

If we take first the fields # and F, where the data are most 
complete, we see that their averages (— 0,28, — 0,35, — 0,34 
— 0,59, — 0.40 for the 5 magnitudes), represented on our figure by 
open cireles, eoncur pretty well with a curve (dotted in the figure) 
answering to 0, = 5,5, = 1,5. The values of oe, between 4 and 6 
with an absorption e<{2 give a maximum for the logarithmie defect 
for m 12 a 13, so that in this case we shall find, that the defeetin 
stars for the magnitudes between the 9" and the 15th does not 
fluetuate very much. 

This, however, is contradieted by the results of the “Selected 
Areas’. These could not be united with the former, because they 
comprise separate, smaller regions. The counts give the following results: 


b= —21° b—= —12° 
Area 47 surf. = 3600’ Arad surf. = 1600’ 
Number! Zog N | log N’|n |Number| log N’ | log N’In 

>12.0 23 1.36 —0.32 19 1.63 —0.15 
> 13.0 29 1.46 — 0.58 37 1.92 —0.25 
>14.0 44 1.64 —0.73 72 mal —0.31 
> 15.0 70 1.85 — 0.83 84 2.62 —0.22 
> 16.0 178 2.25 —0.75 


From the first field, falling within the region A of strong absorp- 
tion, we find: 

d. In the Selected Area 47 a regular, strong increase of the defect 
from the 12th to the 15h or 16! magnitude is shown. 
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Separately considered these values represented on our figure by 
erosses, especially if supplemented by the value for 9,4 of field A, 
can well be harmonized with a curve for 0, = [1,5 (in which case 
the deerease of 15m to 16m is not real). But the result (d) is utterly 
opposed to the result (BD); the numbers of stars in the S.A. demon- 
strate, that the defeet in stars for 9,4 and 15,9 cannot be about 
equal, cannot have a maximum at 12” and afterwards decline. 

The contradietion does not lie simply in a difference between the 
FRrANKLIN-ADams plates and the Selected Areas. The S.A. 47 com- 
prises only 1 square degree of strong absorption, in which the counts 
on the F.A. plate give a defeet of 0,71, about the same therefore — 
“and this is only natural, the limiting magnitude employed, viz. 15,9, 
having been deduced from these Selected Areas (hemselves. The 
case might be explained by the fact that there is a real difference 
in structure between S.A. 47 and region A on tlıe one side, (the 
small values for A from 6,5 to 9,4 i.e. the slight defect in B.D. 
stars would then be considered as real) and-the other regions of 
absorption on the other side; that therefore A is caused by another 
nebula at a far greater distance. It may be questioned, however, 
whether the data are accurate enough to allow of such a conelusion. 
The values for the B.D. in A are based on a moderate number of 
stars only; the numbers of stars 12—14 in S.A. 47 are very small, 
so that accidental irregularities in the distribution play a great part; 
and the taking of averages for the F.A. plates from the irregularly 
distributed density-numbers is somewhat uncertain also. This proves 
once more, that as yet we dispose of much too small a number of 
data concerning the star-density for the fainter stars 107—16m over 
sufficiently extensive regions. _ 

Now, according to $ 2, the determination of the distance of ab- 
sorbing nebulae depends mainly on the bright stars; the uncertainty 
in the numbers of the weaker magnitudes is of very little importance 
here. It is upon the data of the B.D. therefore that this determina- 
tion must almost exelusively be based. To avoid accidental mistakes, 
we will therefore unite these 8 fields 2 by 2 into groups, in the 
order of the N’ (15,9). 

Also now the accidental uncertainties still give an irregular course. 
Between the three first groups A—F no marked difference presents 
itself for these magnitudes; therefore these have still been combined 
to a general average, to which the values in the last column apply 
and which are represented in the figure by dots. The slight depend- 
ence on the absorption e can be taken into account in such a way, 
that corrections are introduced to reduce them to the limiting value 


A-B C—F D-—-E G—H ABCDEF 


Inn  — u —— — —n.. ss su 


log N’/n (6,6) | #0,04 | —018 | 030 | 0,13 —0,15 
BE 20,96 0,06. ol —0,30 
„04 | 037 | —0,41 Ko ae —0,39 


for &= ©; the figure shows that for & between 1 and 2 for these 
corrections the amounts 0,05 and 0.10 are to be adopted. 

From the limiting values thus obtained: 0,15 for m = 6,6, 0,35 
for m= 8,1 and 0,49 for m —= 9,4 the values of o, can be directly 
deduced; we tind for it: eg, =6,1; 5,5; 5,6.If we consider that 
differences of resp. 0,05 0,10 and 0,13 in these three limiting values 
mean a change in o, of 0.6, we may assume that the uncertainty 


of each of these values for e, remains below the unit. As the average 
we then find e, = 5,7 # 0,6, from which follows 


"x = 0'',0072 r—140 parsecs 


where ” probably lies between the limits 100 and 200 parsecs. The 
absorbing nebulae in Taurus therefore lie behind the Hyades at about 
a four times greater distance. They stretch on Dyson and Merorre’s 
chart over an extent of 30°, which is to say about 70 parsecs. The 
dimension of the oblong, strongly absorbing region A are about 9° 
by 3°, or 20 by 7 parseces. BArnarD in his catalogue describes small 
black objects Iying therein (and in the other region D) of 1° (nr. 5 
and 18), 8’ (nr. 24) and 4’ (nr. 28) dimension; their linear dimens- 
ions are then. 500000, 40000 and 30000 astronomical units. 


Astronomy. — “Further Remarks on the Dark Nebulae in Taurus’. 
By Dr. A. Pannekosk. (Communicated by Prof. J. ©. Kaptern). 


(Communicated at the meeting of October 30, 1920). 


$ 1. In a previous communication, assuming that the star-voids 
in Taurus are caused by absorbing nebulae, we have determined the 
distance of those nebulae at about 140 parsecs. The light-absorption of a 
region with moderate absorption, for which data were available also 
for the 12!" magnitude, proved to be 1 & 2 magnitudes; for the 
darkest regions A and B the average must then amount to about 
2 magnitudes, which is not in confliet with the logarithmie defeet 
for 15,"9; the blackest kernels therein have a far stronger absorption 
still. The existence of such extensive regions (the dimensions of A 
are 9° by 3°, that is to say 20 by 7 parsecs; B is most irregular, 
but about equal in area) of which the absorption is known, allows 
us to draw some conelusions regarding the density and mass of these 
gas-clouds. 

We assume, therefore, the existence of such a gas-cloud in space, 
the molecules of which absorb the light through scattering. Lord 
RayLeiGn in his investigations on the cause of the blue colour of 
the sky, has deduced a formula for the absorption of the light through 
a medium containing small partieles in suspension in which the 
suspended particles scatter the light to all sides'). ScHUsTEr pointed 
out, in 1909, that the extinetion of the light in our atmosphere is 
to be attributed almost exelusively to such scattering, where the 
molecules of air themselves play the part of scattering particles, 
whilst the selective absorption constitutes but a minor factor’). As 
the absorption in magnitudes is proportional to the density X thickness, 
and therefore to the number of mölecules the ray of light meets, 
the density and mass of a cosmie gas-cloud can be determined 
through comparison with the data of the atmospherie extinetion. 
Assort gives for Mount Wilson in the zenith a transmission-coeffi- 
cient 0.95, an absorption therefore of 0,056 magnitude, valid for a 
column of air of 6 km., in height, and a density of 0,0013. If for 
Ihe thiekness of the gas-cloud in Taurus (after the linear dimensions 


') Philosophical Magazine, 1899, page 379. 
2) Nature, 1909, page 97. 
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20 X 7) we take 10 parsecs (1 parsece is 3 x 1013 km.), we 
find, with an absorption of 2 magnitudes, 10-15 for the density of 
the gas-cloud. The mass is independent of the thickness assumed ; 
per em’ diameter it is 2/0,056 X. weight of air-column on Mount 
Wilson = 25 kg., for an area of 150 square parsecs therefore 
M = 35 x 10% kg. As the mass of the sun is 2 x 1030 kg., 
the mass of the gas-cloud is equal to about 2 x 101% sunmasses. 
This can also be found directly, by means of the formula of 

Rarueien for the absorption-coefficient k: 

rn) 

FrEsiNn 
in which u is the refractive index, A the wave-length, N the number 
of particles (molecules) per cc. If we assume, that the gas-cloud 
eonsists of hydrogen, (which gives the smallest mass), with an 
ordinary pressure and density therefore u = 1,000143, N = 2,7 x 10"°, 
and ıf we take A— 5,5 x 10-° cm., we get k = 2,7 x 10-8, or 
2,7 x10= for unit of thickness one km., which is equal to 
2,9 x 10-3 magnitudes, whilst a column of 1 cm? width per km. 


_ length has a mass of 8,3 x 10-3 kg. The mass of a column of 


1 cm? diameter in an absorbing gas-layer is therefore 2,9 = kg., 
if e is the absorption in magnitudes (for A = 550). From this we 
find for a mass of gas with an area of 150 square parsecs and 2 
magnitudes absorption 

M=8x%X 10” kg.=4 x 10° sunmasses. 


The difference with the former result is due to the difference 
between hydrogen and air. 

According to Karreyn and van Ray‘) the density of the stars 
in the vieinity of the sun is '/,, per cubic parsec, so that in a globe 
with a radius of 2600 parseces there are 4 x 10° stars. If we take 
their average mass as equal to that of the sun, this one gas-cloud, 
(one third perhaps of all absorbing gas-clouds in that region) only 
140 parsecs distant, contains as much mass as all the stars within a 
globe extending 20 times further. Unless therefore (his Taurus-cloud 
is unique for size and density, we may safely conclude that in the 
fixed stars only a small part of the world-substance is condensed. 


$ 2. The assumption, however, that at a distance 140 parsecs there be 
a gascloud of such great mass, leads to a few most remarkable con- 
sequences. The attraction of this mass on our solar system is not 


) J. C. Karpreisn and P. J. van Ruıss, On the distribution of the stars in 
space. Astrophysical Journal 52, 32. 
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imperceptible; it amounts to 5 x 10-% times the force which the 
sun exercises on the earth. It deserves notice that this force is alto- 
gether independent of the assumed distance of the gas-cloud. It 
depends only on the amount of-its absorption, and its apparent area 
in the sky. If this area is s square degrees, and the absorption & 
magnitudes, the formula of RAYLEIGH gives, in the above manner: 


Force = 10-7 gs X attraction of the sun on the earth. 


If the absorption is e' for photographie rays, (2 = 440) then e='), € 
is to be taken. If therefore in various direetions and at various 
distances tbere are such absorbing gas-clouds in space round us, 
the total influence on our solar system can be calculated from their 
apparent area and absorption. 

For the time being we will consider only the influence proceeding 
from the Taurus gas-clouds. The perturbating forces are imperceptible 
also in the case of the most distant planets. But the force on the 
solar system as a whole is so imimense, that (with a speed of 19 
km., supposed about perpendicular on the force), it must move in 
a curved orbit with a radius of eurvature of 4 X 10° astronomical 
units — 2 parsecs, and the direction of the apex in 3000 years 
must be modified 1° towards Taurus. Compared with the distance 
of 140 parsees this slight radius of curvature indieates that our 
solar system must move in an elongated ellipse with excentricity 
/,, around the gas-cloud, in a period of 2 & 3 million years, that 
at the present time it is nearly in the apocentre, and that in the 
pericentre it has practically to go through the gas-cloud. Something 
similar holds good for the Hyades, which run at a distance of about 
100 parsecs from the gas-cloud, with a speed of 45 km. To run 
away and get free from the nebula in a hyperbolie orbit, their 
speed would have to exceed 270 km.; with their small speed 
however they are bound soon to preeipitate towards the gas-cloud. 
Such a huge mass as calculated above, would render it a central 
body dominating all movements in this part of the universe, over 
many hundreds of parsecs. The speed of the stars would be enormous 
in the vieinity of the gas cloud; especially in the direction of Taurus 
therefore, we should observe great proper motions, far exceeding 
the usual values. 

Also without the assumption of such a great attracting mass, the 
proper motions in the regions of absorption must be above the 
normal, because for a certain magnitude (on account ofthe dropping- 
off of stars behind the absorbing screen) the average distance there 
is smaller than elsewhere. Making use of the formulae of the previous 
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communication we find for the average parallax of the stars of the 
magnitude n in front of the absorbing screen: 
Pı 


1 1 
= 1 fi a ee 
IT m — do. 
An a 


he) 


The same integral taken between the limits + » represents the 
normal value of A„=„. If we put, therefore 
©, = 0,22 9, — 1,078 — 0,132 (m — 9)—x, + 0,452 


and 
1 % 
äh Id 
then 
m sey; 
a NM 


The average proper motions are enlarged in the same proportion 
as the average parallaxes. For 4, = 6,05, r=160 parsees (this 
value has been taken, because it allowed us to use the numbers of 
the previously calculated tables), we get for 

me 7 8 9 
„„—=14 16 18 2. 


Dyson and MeELoTTE in their article have already compiled tlıe 
proper motions of the stars in the darkened regions of Taurus, and 
have established, that they are not greater than anywhere else. We 
find, indeed, for their average 0",044, whilst stars of that magnitude 
(1 of the 6, 1 of the 7%, 5 of the 8", 9 of the 9" magnitude) 
at such a galactie latitude give a normal average of 0".041. For 
the small number of stars the negative conclusiveness of this result 
is not strong enough in itself to refute the existence of an absorbing 
nebula. Of a greater average speed, however, through the effect of 
a gigantic attractive mass, there is no trace. 


$ 3. The diffieulties, and as yet unconfirmed consequences, result- 
ing from the assumption, that the star-voids in Taurus are caused 
by absorbing gas-masses, give rise to the question, as to whether 
no other explanation is possible. Barnarp has always emphasized 
the fact that not all dark spots and regions in the Galaxy are to 
be attributed to absorption, but that a great number of them are 
undoubtedly due to actually void space. In many cases the aspect 

47 
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furnishes an indication: the fantastically twisted and ramified shapes 
of the dark regions in their various gradations of blackness, which 
present themselves on the chart of Dyson and MELoTTE, and are 
even more marked on the photographs by BaRNARD'), are a strong 
indieation to the existencee of absorbing nebulae in these Taurus 
regions. This indication is corroborated, if we calculate the influence 
of actual star-voids in space on tbe number of stars of different 
magnitudes. 

We assume that in the line of sight the space from r, tor, =1,585r, 
is completely empty (over a region from go, {0 0, —+ 1 therefore). 
In the integral, representing the number of stars A„ of the magnitude 
m, the part between the limits og, and 0, +1 is lacking, thus 

z0+0,22 


ıt 
An=An (\ 7° ll de) 
V rlog® 


xp 
in which © has the same signification as in the previous communi- 
cation. If. we calculate these values for a certain value of o, (e.g. 
eo, = 6,95, whereby the falling-off of stars becomes a maximum 
for m —=9), and from that the total numbers N’„+, and the loga- 
rithmie defect log N/x, we find: 


m. | log N'/N m log N’/Nn 
3 10 

—0,028 — 0,080 
4 11 

— 040 — 069 
5 12 

— 055 — 056 
6 13 

— 069 — 043 
17 14 

— 080 — 031 
8 15 

— 086 — 021 
9 eh 16 
10 7 014 


With a void, extending over a unity in o, there is therefore a 
lack of 18°/, at the utmost in the total number ofstars. To produce 
such a strong defect as observed in the Taurus regions, the void 
must extend over many unities in @. If such holes do not extend 


')E. E. BARNARD. On a nebulous groundwork in the constellation Taurus. 
Astrophysical Journal 25, 3. 
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further in the line of sight as perpendieularly to it, one unity in Q 
means a lateral dimension of 26°, and two unities in e (a void 
therefore from r, to 2,51 r,), a lateral extension over 50°. Hence, 
if we want to explain a clearly evident defect of stars (over 20 as 
for instance, log “'/x > 0,10) over a small area (below 10°) by real 
spatial voids in Ihe star universe, we come to the hardly acceptable 
assumption of protracted, tubular cavities, all running in the direction 
of the line of sight. It is only in those places, where the stars do 
not extend equably alongside of the visual line, but are elustering 
into actual clouds and other objects, that real voids between them 
can play an important part in the aspect of the Galaxy. 

Thus, if we abide by the explanation through absorption, but 
without the enormous mass, the particles that cause the scattering 
must have a nass, smaller than hydrogen-molecules, thus they would 
have to be for the greater part free electrons. The question as to whether 
there really is absorption, could be settled by means of an investi- 
gation into the colours of the stars in the poor regions. The absorption 
through scattering is inversely proportional to A‘, so that the stars 
behind the gas-cloud must be strongly reddened. For a number of 
nebulous stars, stars which are surrounded by visible nebulous halos, 
in Monoceros, Scorpio and ÖOphiuchus, Searks and HussBLE have 
recently found ') that their colour is considerably more red than it 
should be according to their spectral type, that therefore their light 
is seattered and dimmed by the nebula through which they shine. 
On caleulating what portion of the stars of each magnitude lies 
behind the gas-cloud, assuming for its distance once more 160 
parsecs (ge, = 6,05), we get for 

5 6 Y 8 9 10 11 12 
0,4, 1°, 2, 4% 9%, 17%, 81°), 50%), 

It is only with stars fainter than the 12!" magnitude, therefore, 
that the majority will show this reddening through absorption. As 
in the case of such faint stars a comparison with the spectral type 
is difficult to accomplish, it will not be feasible directly to determine 
the reddening with absolute certainty; it may be, however, that a 
statistice determination of the colour or the effective wave-length of 
the fainter classes will lead to a decision. 


Postscript. Professor pr Sırıer has drawn my attention to the 
fact, that the absorption of a mass consisting of opaque particles 


) F. H. Seares and E P. HussLe. The color of the nebulous stars. Astro- 


physical Journal, 52, 8 (July 1920). 
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surpasses so much the absorption of an equal mass of scattering 
gas, that by assuming a dust-cloud instead of a gascloud, a moderate 
mass will suffice to account for the observed extinetion. In this case 
the absorptlion does not depend on colour. Ifa reddening of the stars 
is observed, indicating an absorption through scattering, we may 
still find a moderate mass, if the gascloud is mixed with dust 
partieles. This would be in harmony with the views of ARRHENIUS, 
who has found in his studies on cosmogony that the small partieles 
in space, driven away by lightpressure, are caught and collected 
in the extensive world nebulae. D 


Physics. — “The so-called cyanogen-bands”. By G. Horst and 
E. Oostersvis. (Communicated by Prof. H. KAMERLINGH Onnßs). 


(Communicaled at the meeting of May 29, 1920). 


In photographing the nitrogen-spectrum one usually observes a 
number of bands, which were formerly aseribed to cyanogen'!). 

The most prominent of these bands lie between 3855 and 3883 Ä. 
and between 4158 and 4216 A. In 1914 Grorrian and Runge’) 
made some experiments, from which they coneluded, that these 
bands are due to nitrogen and should not be ascribed to cyanogen. 
Many later observers’) have considered this view to be the right one. 

We have made a new investigation on this point and came to 
the eonclusion that these bands are not due to nitrogen, but tö one 
of its compounds which condenses at a much "higher temperature. 
In our experiment the discharge tube was a cylindrical glass tube 
with one electrode connected to a Tesla-transformator. The gas in 

the tube was an argon-nitrogen- 

mixture containing about 15°), 
of nitrogen. The gaspressure was 
l. about 55 em. Under these eir- 
ceumstances the spectrum shows 
no argon lines, only the nitro- 
9, genbands and the so-called 
“eyanogen-bands’’. (Fig. 1). 

The bands 38553883 Ä 
can be seen at A, the bands 
4158— 4216 A at B. 

In order to diseriminate 
whether these bands are due to 
nitrogen or to cyanogen, we immerged the lower half of the discharge 
tube into a glass filled with liquid oxygen and so obtained the 
spectrum fig. 2. 


Ze: 


l) See Kayser, Handbuch der Spectroskopie. Bd. 5. 

2) W. Grorrıan and C©. Runge. Phys. Z. S. 15, 545. 1914. 

s) W. Steusine. Phys. Z. S. 20, 512. 1919. 

L. Gresee und A. Bacnem. Verh. D. Phys. Ges. 21, 454. 1919 and Zeitschr. f. 


Physik, 1, 51. 1920, 
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The so-called cyanogen-bands have completely disappeared;, it 
follows that these bands do not belong to nitrogen, but to a much 
more easily condensable substance, probably cyanogen. ') 

This is in accordance with Sreusıng’s observations; the latter found 
no trace of the cyanogenbands in his experiments, where the presence 
of any carbon was excluded. ’) 

Probably Grortrıan and Runs#’s nitrogen was not completely free 
from carbon. This may be due to the fact that they purified their 
nitrogen by pyrogallicacid-solution,; during this operation small 
quantities of carbon monoxide are usually developed. 


Eindhoven. Laboratory Philips’ Incandescent 
Lamp works Ltd. 


)) In some of our experiments we completely immersed the discharge-tube in 
liquid oxygen, the spectrogram being takeu through the walls of the Dewarvessel. 
During the operation of the Tesla transformer the walls of the Dewarglass show 
the green fluorescence of cathode-rays. In one of our experiments however some 
gas was liberated in the space between the walls of the Dewarvessel, so ihat a 
red glow appeared, the radiation of which is superposed on that of the discharge- 
tube. The so-obtained spectrogram is shown in fig. 3. A peculiar phenomenon may 


be observed. Some of the cyanogen-bands, namely 3855, 3883 and 4168 Ä. come 
out very strongly, wlereas the other ones are absent. So it is not impossible. 
that the cyanogen-bands are due to two different carriers. 

?) Simular results have been obtained by L. HAmBuRGer, who also found no 
trace of the cyanogenbands in extremely pure nitrogen. Chem. Weekblad (15) 931 
1918. (Added in translation). 
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Physics. — “The geodesic precession: a consequence of Eınstein’s 
theory of gravitation.” By Dr. A. D. Forkur. (Communicated 
by Prof. H. A. Lorkxtz). 


(Communicated at the meeting of October 30, 1920). 


It is well known at present what parallel displacement or geodesie 
translation means in non-euclidean space'). And we know also that 
a compass rigid, moving parallel to itself and completing a closed 
eireuit, in consequence of the ceurvature of space, will not regain 
the same orientation which it had before: a certain rotation of 
curvature will become apparent. Now it occurred to ScHoUTEN that 
the earth’s axis of rotation — provided the earth were a sphere — 
should remain parallel to itself in the general geodesic sense during 
the motion of the earth round the sun. Thus, after a year, we must 
expect the earth’s axis to point to a slightly different point of the 
heavens according to the curvature of space produced by the sun’s 
gravitation. This affords an additional precession which superposes 


itself on the precessions due to other causes known in astronomy ?). 


The problem however is not so simple as it is put here. Though 
it can be proved tbat the axis of rotation will remain parallel to 
itself in the geodesic sense, yet in reality we have to consider tlıe 
dragging of the earth’s axis along her four-dimensional helicoidal 
track through time-space and not a circuital displacement in the 
ecliptie at some definite instant. The problem should be put as one 
of four-dimensional geometry; it is a problem of mechanics, and 
not a problem of three-dimensional geometry. If this be done properly, 
then the result is that we are to expecit a precession one and a 
half times the precession foreseen by ScHourex, viz. 0.019 of a 
second of are per annum °’). This will be shown in the present paper. 

The idea at the bottom of the argument is the following. Imagine 
that in order to describe motions taking place in the neighbourhood 
of the earth’s centre we choose axes such that the time is always 
2) Levi Cvıra, Rendic. Cere. Mat. Palermo, 42, p. 1, 1917; ScHouten, Direkte 
Analysis zur n. Relativitätstheorie, Verhandelingen Kon. Akad. v. Wetensch. Amster- 


dam, XII, no. 6, 1919; Weyı, Raum, Zeit, Materie, Berlin 1920, 3rd ed.; Cf. 
also an article of the present author in Proceedings Kon. Akad. v. Wetensch. 


Amsterdam, 21, p. 505, 1918. 
3) Scuouten, Proceedings Kon. Akad’ v. Wetensch. Amsterdam, 21, p. 533, 1918; 


with appendix by De Sırter. 
s) Cf. also a paper by KRaMERS, Proc. Amsterdam, September 1920. 
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direeted along the earth’s four-dimensional track and that the origin 
of space-axes falls along with the earth. Moreover, the original 
direetions of these space-axes at successive instants are to remain 
parallel to themselves in the general, or natural sense. If our axes 
of reference are chosen in this way, we may confidently expect the 
equations of motion to assıme a particularly simple form: in fact, 
as a first approximation, when mutions take place very near the 
origin (i.e. within a domain the two-dimensional eross-sections of 
which are small compared with tbe reciprocal of RiEMANN’s measure 
of eurvature) then this region may be considered to be homoloidal, 
that is, free particles are moving in straight lines under no force, 
and a top spinning round its axis of symmetry will keep its axis 
of rotation in a fixed direction relative to the axes of reference. As 
the latter are carried along the axis of time parallel to themselves, 
so it follows that the same is true for the axis of rotation. ') 

If we proceed to the second approximation, we find that free 
particles are subject first to forces which we know are the causes 
of the tides due to the sun’s action, and secondly, to forces depending 
on the velocity of the particle in a manner which in a certain 
respect resembles Corıonis’ forces in a centrifugal field. The latter 
were called by Poıncar& “forces centrifuges composees”. Accordingly 
the new forces might be designed as compound tidal Forces. 

In order to obtain the second approximation, it is necessary to 
specify our coördinates in greater detail. In every point-instant of 
the axis of time we draw all geodesic lines which are perpendieular 
to the time-track and we desire that these shall define space, three 
of them being chosen as the axes of space. For convenience sake 
the latter may be chosen perpendicular to each other. 

It will be seen that this space cannot coincide with space as 
defined by an observer who is at rest with the sun. The two spaces 
of reference interseet in a surface, which, in each point-instant of 
the earth’s helicoidal track contains the direction in the ecliptie 
perpendieular to the velocity and the direction perpendieular to the 


!) In much the same manner during the moon’s motion, as a first approximation, 
— apart from the sun’s perturbing forces, which arise in the second approxi” 
mation, — the plane of the orbit must keep its position unaltered relative to the 
falling axes of reference. This results in a motion of the nodes equal to the motion 
of these axes. De SırrEr, proceeding in a totally different manner, arrived at a 
nodal motion of 17.91 per century, which is exactly the amount given above for 
the precession. (Monthly Notices R. A. S. 77, p. 172, 1916). A comparison with 
observation could only be made if the nodal motion, resulting from other causes 
and computed with Newron’s law of force, were known to one further decimal 
place than it is at present. (DE Sırrzr, l.c.). 
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ecliptic. This involyes a complication in comparing. the relative 
positions of the two sets of spatial axes of reference. In the case 
of a planet moving in a eireular orbit this diffieulty is readily 
overcome. 

If then we compare the falling axes, before and after a year’s 
revolution, with axes fixed to the sun and directed to fixed points 
in the heavens, we” find a.-precession to the amount stated above. 

As pointed out’by Ds Sırrer the difficulty in testing the predicted 
precession by & comparison with observation lies not so much in 
tbe limits of accuracy of observation as in the fact that owing to 
our ignorance of the true values of the earth’s prineipal moments 
of inertia we& do not know with the preeision required how much of 
the observed precession is accounted for by the actions of sun and 
moon according to NEWTon’s law. 

We now proceed to the analytical treatment of the problem. 


The geodesic falling coordinates. 


Consider some point-instant in an arbitrary field of gravitation, 
where the potentials are denoted by ga, (a,5=0,1, 2,3), x, being 
the time and =), xD, x(3) space-coordinates. In the usual way we 
write the symbols of ÜHRISTOFFEL: 


ab ab Ogam Ogbm gab 
— DD mn >> mn, 4 ee x 
| n =, Far ; 3: 3, dw | 
where g°” are the algebraical complements of the gem. 
A vector Ve is displaced parallel to itself over an interval dam, 


if its components decrease during the displacement according to the 
formula 


deze 


a 

In the point-instant considered: x“, (a= 0,1, 2, 3), choose a vector 
of unit ae having time-character 4°,: 

I ga 44,48, —1, 
and three other vectors of unit tongth, all perpendicular to the 
former and to one another: A«,, A«,, A«,, such that 
> 9054,41, = —T, and "I mAHA—=I if ir 

As in our argument the component of time and the components 
of space will be treated in’ a different way, we shall establish the 
rule that whenever a suffix is indicated by a Greek character, it 
will not be liable to take the value 0. 

We change variables by introducing the coordinates z' according 
to the following formulae: 
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ni bm =. 
a0 — a0 = 3 A,äi—} 2 N Abd; Am; 2t 2) — 


> 0 (bm vs 
Te dar la 


— + 2.09%; un AP, (Am, An, — 4A", Am,) zr 2’ 2’ — 
— 42 Qay m Ab, (Am, An, — An, Am,) 2? 2° 2° a 
By Q%, m we have denoted the same form within brackets which 
is found in the foregoing line. Note {he symmetry possessed by 
(Q*ymn in the suffixes d and m. If we put 
Ra; mn = Qa,nn I: Qeynm ’ 
then R*,, is the same as a four-index symbol of RıEMANN: 


bs 


a 


bn 


8 


ms 


8 


ja Am; Anz zin)ak — 


| mn 


a 


Ru mn — } ba, mn, 
and for its covariant components we have the identities which will 
be used in the following: 
Rab,mn = Roa,mn = Rab,nım — Rn,ab ’ 
and 
Rab,mn = Rıom,an nn Rma,bn a 


We proceed to show that the above transformation actually affords 
the geodesic falling coordinates alluded to in the introduction. 

The axwıs of 2° coincıdes with a particle's track. Put every 2?—=0), 
and we get 


wt— a0 —Ar 2 —4 8 Ab, Am, 2°2° — 1.2 Qdı mn Ab Am An z°2°2° .. 


bm | 
a 


As a second approximation, this is the equation for the geodesie 
line starting from the point-instant =“, with initial direction para- 
meters A“, and where z° is the interval along the arc. Thus our 
time-axis is along a particle’s track. Denote the second member of 
this equation by &e. 


The axes of space are everywhere geodesics, as far as the approxi- 
mation goes, and perpendicular among themselves and to the axes 
of time. For put 2=r and let the other eoordinates vanish with 
the exception of one 2*; on rearranging terms we get 
za — a0, — St = Aa, zu — 
bm 


a 


— > 


Ab, Ar, ZRT — ı >53 ap mn Ab, Am, ANE Tzk — 


bm 
RN 2) „(Abu Amznzn — 4 E Qräm Adu Am An, van zu 


252 + z Qeymn Abu Am Anu zu gr zu, - 


14.7 Be 
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This is, to the second approximation, the equation for the geodesic 
starting from the point-instant «@, + £@ with initial direction para- 
meters 


bm 
As, BD ’ | Ad, Am, a 5 >> an Ab, Am, an, rt, 


and where 2” is the interval measured along the arc. We notice 
that these parameters are- the components of the unit vector A“, 
translated geodesically from the origin of time along the a iaeR, 
with an accuracy up to the second approximation. As a geodesic 
translation does not alter the mutual angles of the translated vectors, 
it follows that the axes of space and time remain perpendicular. 
In the same way it may be shown that every spatial radius, that 
is a line ,=r, )—_1s, 21, .)=32,s, with 2°+2’+2,—1, 
is a geodesic, s being the interval along the are from the origin. 


The potentials g'; in geodesical falling coordinates. 


We shall calculate the new values g';; by means of the trans- 
formation formula 
gi; =  Pai Pbj gab» 
where 
Dal dar/dzt. 
In caleulating the p. the symmetry of Q% nn in the suffixes 5 


"and m is of great use. It enables us to arrange terms in a practical 


way. We get 


bm 


Pao = AU, — Ab, Am; z! — 4 IQ mn Ad, Ami An; zii — 


me i P3 en 4b; (Ar; An, or An, Am) zi es, 
and for any u 70, we get 


Pan Ar & Ab, Am; zi re 4 z Qaı,mn Ab, Ami AN; zi ie 


— 4 2 0% mn Ada (Am Ar, — AN, Am,) 2"2, — 
— 4 I Qayum Abs (Amr An, — Anz Am) 2° 27. 

In the second lines of both formulae we shall replace Q%,nn by 
Rs, AThis 3is permitted because the bracket forms are skew- 
symmetrical in the suffices m and n. 

In the first lines we find exactly the components of the vectors 
4“; shifted geodesically from the origin to the point-instant denoted 
by 23. Thus, as far as these parts of ».; are concerned, the trans- 
formation formula Z’pai Pr gas gives 1, —1 or 0 for ı=Jj=0, 
i=j=u, or ij respectively. We get 
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go =l+09— 48 Rabmn Ar, Adi (Am, Ar, — An; Am) 2i 2. 
Obviously in the last term the value O for 7 contributes nothing 
to the sum. Because of the skew-symmetry of Rasmn in a and b, 
the value 0 can be disregarded also for :, and the skew-symmetry 
im m and n allows us to write: 
ga —=1+ = Rub,mn As, Ab, Am, Am, 2% 2°. 
Proceeding to g'o„, we get 
04+0— 4 Ram Ady Abi (Am; An, — An; Am) zii — 
— 4 Rain AR, Ab, (Am, An, — Am, Am)2r. 2° — 
— 08 Rosmn 40, AO, (Am, AR, ee 
Taking :=0 in the first sum, this part cancels out against the 
second sum (skew-symmetry of Rasmn in a,b). The remaining part 
is taken together with the third sum, and we get 
gel 2. Dem A Ar An ART 
Finally for g'„ we find: 
m —Ew + 0.— 75 2 Rab,mn [A% Ads (Am An, — Am Am,) + 
+ Aa, Ab, (Am, An, — An, An,)] 2° 2° — 
— 4 Rab,mn (A Abu + Aa Ad,) (Am, An, — An, Am) 22°, 
where e,„—=1 for u=»r and e„=0 for ur. Having regard to 
the skew-symmetries of Rasmn we reduce this expression to 
Im —— Em Ht 4 > Rabmn A Ad, AR, AN, 2727. 
If we remember the transformation formnla for Razmn: 


' — 
Ye 


Rij,r s— = Pai Pbj Par Pns Rab,mn ’ 
we at once see that without lowering the degree of approximation, 
we may abridge the forms for g';; into: 

9'00 je ee R'0s,0r wear 

g'u0 FE Rue zur, 

vr = —En th 4 Room 227. 

It must be noticed that these gravitation potentials depend no more 
on the time z°. The field in our geodesic falling coordinates is station- 
ary as far as our approximation goes. 

The A',,s are closely associated with Rızmann’s measure of eurvature. 
If only partieles are considered moving so near the centre that the 
squares of the distances multiplied by the measure of curvature 
may be neglected altogether, then the g'j; may be considered to be 
constant and to have the homoloidal values 1, —1, —1;. —1., 


Equations of motion for free partieles in geodesical Falling 
coordinates. 


We put forward the simplifying assumption that only partieles 
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will be considered moving slowly relative to the falling axes and 
that the square of their veloeities will be negligible compared with 
the square of the velocity of light, which, in our coordinates, is 
nearly unity. 
The equations of motion are 
dee. jijjdeides 


u er alds ds' 

With the above assumption we may put dz’/ds — 1, and we need 
only consider combinations where z or j or both of them are 0. 
In the OrrıstorreL symbols the differential coefficients of g';; are not 
known beyond the first powers of the coordinates; therefore the 
reciprocals g’ö may be taken to be 1, —1, —1, —1, and 0. This 


makes 
kan ef 
= & 
Caleulating we find: 
00 
| | =— 2 R'oa,0r r", 
[44 


08 
| | —e (R'„8,0r + R'.r,0ß == R' 82,07 En R' 2,02) 2", 


ü 
[44 


and 


a 
= — I Ra, 2-4 2 (Rgr0 + Ror,po + R'raa0) 2°: 
The bracket vanishes by symmetry of the R's..o, thus 
Pi > R 20,07 RTE 
Finally the equations of motion for free particles become: 
a en Ian 
de’ = 0x, 07 Ba,0r # ar 


0) 
Here we can put 


> R'g3,o 2’ = 2w,, 
> Rz, 2" = 2w,, 
> R'12,0r a 20,, 
This brings the last term into the form 
—2[o.vl. | 
Interpreting the equation of motion we note that the first term 
in the right hand member accounts for the forces causing the tidal 
effeets. The second member has the form of a CorroLisian force, 
but the peeculiarity is that the rotation vector w figuring in it, is a 
linear funetion of tbe coordinates and thus on opposite sides of the 
planet has the opposite direction. It is conveniently called the 
compound tidal force. It might come into play when we consider 
the motions of a satellite. 
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Resuming, we can say that as a first approximation the equations 
of motion for free partieles in the geodesie falling system are Just 
the same as those in classical dynamies under no forces. When we 
have mutual forces between the particles, their effects on the motions 
will be quite the same as predicted by classical dynamies. In parti- 
eular, a spinning top will keep the direetion of its axis of rotation 
unaltered relative to the axes of reference, i.e. our geodesie falling 
coordinates. Hence when referred to the original coordinates, the 
spinning top will for its axis of rotation show whatever precession 
the geodesical falling axes might exhibit. 

The same must be said for the plane of the orbit of a particle, 
moving under a central force. 

If the tidal forees are considered, their effect in changing the 
direction of the axis of rotation relative to the falling coordinates 
would be zero if the earth were of spherical shape. If not, the 
precession caused by them is to be taken in reference to the falling 
axes, and the precession of the latter will be superposed on the 
precession due to the tidal forces. 

The common tidal forces are but part of the second approximation. 
The remaining part is a compound tidal force at right angles and 
proportional to the veloeity, proportional to the distance from the 
centre and, like the OorıoLisian forces, may be determined as a (three- 
dimensional) vectorial product of the velocity into a vector which, 
by means of certain components of the Rırmannian bivector-tensor 
of curvature, is a linear function of the radius vector from the 
centre. For the present we shall leave these forces aside, and turn 
to the question of how much the amount of the precesssion of the 
falling axes may be. 


; SPn, i 
The precession of the geodesic falling axes in the case of a 
planet moving in a circular orbit. 


As we pointed out already, a complication in finding the precession 
of the falling axes arises from the fact that the space of the falling 
axes makes some angle with space as defined by an observer who 
has his coordinates. fixed to the sun. These spaces intersect in a 
plane perpendieular to the velocity. By eonfining ourselves to eireular 
orbits, matters present themselves much less complicated. 

In each point-instant of the helicoidal track of the planet we draw 
four local axes: one coineiding with the direetion of the track; a 
second in the direction away from the sun along a radius vector: 
a third perpendicular to the ecliptie; and the last one with a AR 


« 
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component and a component tangent to the eireular orbit; in such 
a manner that these four directions will be all perpendicular to each 


‚other. Now, if the planet with the geodesical falling axes comes across 


some particular set of local axes, the axes of time, both the falling 
and the local, will coineide, and therefore the spaces of the falling 
and of the local axes too will be the same. Thus the position of 
the falling axes relative to, the local ones can be stated and the 
positions before and after a revolution compared. 

The gravitational field of the sun is given by the form of the 


infinitesimal interval: 
2 


de —(l da pt 

=(l—a/r) dt ae Pe 

In this field a circular motion is possible in the plane 4 =}n, 
with “radius” &% and with angular velocity 


dpfdt=w—V ay2l®, 
‘Now, every where along the track define four vectors A«,,Ae, ‚A, ,A«,, 
as follows 


— r" db? — r’ sin’ O dy°, 


(0) (1) (2) (8) 
2R 1 Do 7 
0, 
Aa, 102° Rap, 0, R Der 30 
As 0» V1-a/R 0, 0, 
As: 0, 0, 1/R, 0, 


aR 1 DE (R—.a) 
di e 0, 0, == ——, 
Br VE (2 R—3e) R 2 R—3a 


lt will be seen that these vectors are all of unit length and 
perpendieular to one another. They define the local axes. 

A set of these vectors in one particular point-instant can be taken 
as the starting vectors of Ihe geodesie falling coordinates. To find 
the directions of the falling axes after a lapse of interval ds (com- 
ponents A@,ds) we need the values of ÜHrIsTorFrEN’s symbols. These are, 
in coördinates L,r, 4, p: 


Bi & 
BEWT2R(R-e) 
er al z = re 2 er I=-(R-) | a =-(R-e) sin’ 0, 
2 R°’ 1 2R(R—a) (1 1 
12 1 oe a 1 
| u Fe A =, 
" — — sin 0 0089, 1 = € The remaining symbols vanish. 
2 3 sin 6 
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Now, if we caleulate the geodesic, inerement along ds of the 
vector components: 


da; = — 2 = | Ad; Am, ds, 
we find 
dA, =, 
aAs, —=W, 
but 
dAs, — — VujaR’.Ao, ds, or = — wAQ, ds, 
and 


dAc, — +V ajJ2R*. Aa, ds, or =+ w An, ds. 

From this we infer that the falling axes of ZW, Z®), after the 
lapse of interval ds, as compared with the local axes reached after 
the interval, show a retrograde rotation of amount wds in the plane 
of these axes. Meantime the planet’s anomaly has increased by wdt. 
Thus, the two angular velocities are the same if the one is measured 
in ds and the other in dt. The ratio is 

ds = V (1—3a/2R) .dt. 

In the eircular planetary motion this will continue uniformly, and 
it follows that when the planet has completed a revolution, the 
falling axes will not yet have completed theirs if compared with 
the local axes passed by during their motion. At the instant the falling 
axes will have completed a revolution, the radius vector will make 


an angle of 
2R 
> | 


with the radius from which they started. Relative to this new radius 
everything will be in exactly the same position as it was in the 
beginning of the revolution, 

Neglecting higher powers of a/R we conclude that there is a 


precession which, per annum, amounts to the excess of the angle 
between the two radii over 2x, i.e. 


per annum. 
For the earth, it is 0.019 of a second of are per annum. 


wo 
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Zoology. — “Die Verwandtschaft der Merostomata mit den Arach- 
nida und den anderen Abteilungen der Arthropoda”. Von J. 
Verstuys: und R. Demorz. (Communicated by Prof. WeEBRR). 


(Communicated at the meetings of Sept. 25, and October 30, 1920). 


I. 


Noch ‘immer gehen die Ansichten über den phylogenetischen 
Zusammenhang der grossen Abteilungen der Arthropoden, der Ony- 
chophora, Myriapoda, Hexapoda, Arachnida und Crustacea erheblich 
auseinander. Und es ist vor Allem die verschiedene Beurteilung der 


Verwandtschaft der Merostomen mit den Arachniden, welche zu so 


sehr verschiedenen Auffassungen in diesen Fragen führt. 

Im Mittelpunkte der Erörterung steht der einzige lebende Vertreter 
der Merostomen, die Gattung Limulus. Diese Form lebt im Meere 
und atmet durch Kiemen, welche anscheinend von Gliedmassen 
getragen werden. Dementsprechend wurde das Tier zuerst den 
Crustaceen zugerechnet. Weitere Untersuchung schien diese Auf- 
fassung zu bestätigen; namentlich machte die Entdeckung grossen 
Eindruck, dass die junge Larve von Zimulus im Körperaufbau den 


‘ Trilobiten, diesen alten, ausgestorbenen Vertretern der Crustaceen, 


ähnlich ist. Man sprach geradezu von einem Trilobiten-stadium in 
der Entwicklung von ZLimulus. 

Andrerseits hatte schon 1829 Srraus DÜRKHEIM mit grossem Nach- 
druck auf eine Blutsverwandtschaft von Zimulus mit den Arachniden 
hingewiesen. Ihn folgten einige andere Forscher, bis 1881 und den 
darauffolgenden Jahren Ray Lankester das ZLimulus-problem einer 
eingehenden Prüfung unterzog. Er wies dabei eine tatsächlich über- 
rasschende Uebereinstimmung im Baue von ZLimulus mit den Arach- 
niden nach, ganz besonders mit den Scorpioniden. Lanknster zweifelte 
aber andrerseits nicht an der Verwandtschaft von ZLimulus mit den 
Trilobiten und anderen Crustaceen. Da Limulus im Vergleich zu 
den Crustaceen eine viel mehr spezialisierte Form ist, musste er 
annehmen, dass Zimulus von den Trilobiten oder damit verwandten 
Crustaceen abstammt. Die Arachniden mussten dann wieder von 
Limulus oder dessen weniger spezialisierten vorfahren, den Gigan- 
tostraken, abstammen, wobei die Stammformen der Arachniden vom 
Meeresleben zum Landleben übergegangen wären. 

48 
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Diese Limulus-Theorie von LAnkester ist sehr wichtig wegen 
ihrer Konsequenzen ; diese sind folgende: 

1. Da Limulus, und noch mehr die Gigantostraken im Baue 
besonders auffallend mit den Scorpioniden übereinstimmen, müssen 
die ältesten landbewohnenden Arachniden im wesentlichen den Bau 
der Seorpioniden aufgewiesen haben. Alle anderen Typen von Arach- 
niden müssen also von einer den Skorpioniden ähnlichen Stammform 
abgeleitet werden. 

3. Da es gänzlich ausgeschlossen ist, dass Formen wie die Myria- 
poda von Arachniden abstammen (erstere stehen auf viel niedrigerer 
Organisationsstufe), so müssen die Myriapoda und die damit nahe 
verwandten Hexapoda einen besonderen Stamm in der Entwicklung 
der Landarthropoden bilden. An dessen Anfang muss man die sehr 
primitiven Onychophora stellen. Die Arachnida bilden dann daneben 
einen zweiten Stamm der Landarthropoden, der aus den marinen 
Merostomen hervorging und an dessen Wurzel. die Scorpioniden 
stehen. Es ist also eine notwendige Konsequenz der LAnkEsTEr’schen 
Limulus-Theorie, dass zweimal Landarthropoden entstanden sind. 
Auch ihre typischen eigenartigen Atımungsorgane, die Tracheen, 
wären dann zweimal gänzlich unabhängig von einander entstanden. 

Diese beiden Konsequenzen der Zimulus-Theorie von LANKESTER 
sind von grosser Bedeutung. Es ist zu beachten, dass ein Tracheen- 
system durchaus nicht so einfach ist und eine zweimalige Entstehung 
schon sehr bemerkenswert wäre. Und dann setzt die Ableitung der 
so verschiedenen, zum Teil so einfache Züge aufweisenden Typen 
der Arachniden von scorpioniden-ähnlichen Vorfahren eine erstaun- 
liche Plastizität des Körperbaues, ganz eingreifende Umbildungen 
derselben, und vielfache Rückkehr zu ursprünglicherer Organisation 
voraus. Die Umbildungsfähigkeit einer schon komplizierteren Orga- 
nisation wird hier in eine überrasschende Beleuchtung gebracht. 


1. 


Prüfen wir zunächst die Frage, wie weit die Uebereinstimmung 
im Baue bei den Merostomen und den Arachniden, namentlich den 
Scorpioniden, geht. 

LAnKESTER versuchte (1881) den Nachweis zu erbringen, dass die 
Organisation von Limulus Segment für Segment und Organ für 
Organ mit der des Scorpions übereinstimmt. Und wenn wir auch 
betreffend der Auffassung einzelner Organe zu wesentlich andern 
Ansichten kommen müssen, so ist toch das Ergebnis einer neuen 


ZT run. 


a a ee ae ee en Kae ee) 


741 


Prüfung durchaus die Bestätigung der Lankkster’schen Schluss- 
folgerung. 

Die äussere Gestalt von Zimulus ist allerdings recht erheblich 
modifiziert (Fig. 1), es liegt Anpassung an eine im Sande des Meeres- 


bodens wühlenden Lebensweise vor. Aber die ausgestorbenen Vorfahren 


Fig. 1. Limulus, von der Dorsalseite gesehen. 
Circa Vs der nat. Grösze. Nach SHiPrLEY, Cambridge 
Nat. Hist., vol. 4, 1909, p. 261, etwas verändert. 

Abd Abdomen; Cth Cephalothorax; F.A. Facetten- 
auge; L.A. Linsenauge; 7 Telson. 


von Limulus, die Gigantostraken, sind den Scorpioniden in äusserer 
Gestallt, Segmentierung und den Gliedmassen ausserordentlich ähnlich 
(Fig. 2, 3). Die wesentlichsten Uebereinstimmung en sind folgende. 

Der Körper besteht aus einem Cephalothorax, einem Praeabdomen 
von 7 und einem Postabdomen von 5 Segmenten mit Telson. 

Der Cephalothorax ist aufgebaut aus 6 gut entwickelten glied- 
massentragenden Segmenten. Die Embryologie vom Scorpion und von 
Limulus lehrt uns, dass dazu vorne noch ein Kopflappen (Acron) 


und ein rudimentäres Praecheliceren-Segment kommen, hinten sich 
48%. 
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ein zweites verkümmertes Segment, Praegenital-Segment, auschlieszt 
(vergl. Brauer, 1895; KısHINoUYE, 1891 B; Kınestey, 1893 ; PATTEN 
und REDENBAUGH, 1899, Heymons, 1905). Das Praecheliceren-Segment 


Fig. 2. Ein Scorpionidenähnlicher Gigantostrake, 
Eusarcus scorpionis Grote & Pitt, von der Bauch- 
seite. Circa Vs der nat. Grösze. Nach CLARKE & 
RUEDEMANN, 1912, Vol. 2, Tab. 28. 

Blf. Blattfüsze; K.Pl. Kauplatten der Gliedmassen, 
den Mund umstellend; 7,Sg Ttes abdom. Segment 
(letztes präabdom. Segment = 1stes Segment ohne Blatt- 
fusz und Kiemer, mit normalem Sternit); 8.Sg 8tes 
abdom. Segment (erstes postabdominales Segment, 
mit ringförmigem Chitinpanzer); 7 Telson (Gift- 
stachel). 


ist sehr rudimentär; es bildet kein selbständiges Coelomsäckchen 
mehr, sondern das Coelomsäckchen des Cheliceren-Segments wächst 
von hinten her in das Praecheliceren-Segment hinein. 
Während das vorderste gliedmassentragende Segment bei den 
meisten Arthropoden Antennen trägt, fehlen diese bei den Arachni- 
den und Merostomen; die vordersten Gliedmassen sind hier als 
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Cheliceren ausgebildet, kurze, zwei oder dreigliedrige und meist 
scheerentragende Angriffswaffen. Es ist dies ein sehr auffallendes 
Merkmal, welches Merostomen und Arachniden vereinigt; gleiche 


Fig. 3 Scorpion, Pandinus, von der Bauchseite. 
Original. ?/s der nat. Grösse. 

K.PI. Kauplatten; m Mund; S Stigmata; 7Sg Tre 
abdominales Segment (letztes praeabdom. Segment 
— Ites Segment ohne Atmungsorgane); 8 Sg 8tes abdom. 
Segment (erstes postabdom. Segment, mit ring- 
förmigem Chitinpanzer); St Sternite des 3ten —6te 
abdom. Segmentes, welche die Tracheenlungen be- 
decken; T Telson (Giftstachel). 
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Verhältnisse finden wir nur noch bei den Pyenogoniden, einer Gruppe, 
die nach neuesten Untersuchungen (Wıren, 1918) wahrscheinlich mit 
den Merostomen und Arachniden verwandt ist. Dass die Cheliceren 
bei Merostomen und Arachniden am gleichen Körpersegmente liegen, 
ist nicht fraglich. Das Segment folgt auf dem Acron und dem Prae- 
cheliceren-Segment und verschiedene Ubereinstimmungen in Einzel- 
heiten sprechen für diese Homologie. So tritt das Cheliceren-Segment 
in der Ontogenese später als die 5 anderen, gliedmassentragenden 
Segmente des Cephalothorax hervor und zwar trennt es sich dann 
vom vordersten Körperabschnitt ab. Auch liegf es zunächst postoral 
und verschiebt sich nachträglich nach vorne bis eine praeorale Lage 
erreicht ist. Die gleiche Verschiebung zeigt das zugehörige Cheliceren- 
ganglion. 

Typisch für die Arachniden ist es, dass die weiteren Gliedmaszen 
des Cephalothorax, 5 Paare, keine eigentlichen Mundteile bilden, 
sondern als lange, mehrgliedrige Gehfüsze, oder, wie besonders das 
vorderste dieser Paare, die Pedipalpen, anch als Tastorgane entwickelt 
sind. Nur nebenbei sind die vorderen Gliedmaszen auch als Mund- 
teile tätig, indem als Kauplatten dienende Vorsprünge der Coxae 
bei der Verarbeitung der Nahrung mitwirken. Mandibel oder Maxillen 
fehlen den Arachniden. Bei den Merostomen finden wir durchaus 
ähnliche Verhältnisse; zwar sind hier an den Coxae alter fünf 
Beinpaare Kauplatten entwickelt, aber im Uebrigen ist die Gestalt 
der Gliedmaszen von dieser Anpassung nicht beeinflusst worden. 
Im Einzelnen ist die Gliederung der Beine etwas verschieden, aber 
genaue Prüfung zeigt hier doch auch viel Uebereinstimmung. Beim 
meeresbewohnenden (fossilen) Scorpioniden Palaeophonus nähern die 
Gliedmaszen sich der Gestaltung, die sie bei den Merostomen auf- 
weisen. 

Auf die gutentwickelten Segmente des Cephalothorax folgt das ver- 
kümmerte Praegenitalsegment. Bei verschiedenen Arachniden ist es 
auch beim erwachsenen Tiere noch deutlich abgegrenzt als vorderstes 
abdominales Segment. Bei den erwachsenen Scorpioniden und Mero- 
stomen hat es durch Verwachsung mit dem Cephalothorax seine 
Selbständigkeit eingebüszt. 

Auch in der Segmentierung des Abdomen besteht zwischen den 
Scorpioniden und den primitiven Merostomen, den Gigantostraken, 
vollkommene Uebereinstimmung. Das Abdomen besteht aus 12 Seg- 
menten und dem postanalen Telson. Die Differenzierung in ein aus 
7 Segmenten bestehenden Praeabdomen mit getrennten Tergiten und 
Sterniten, und ein aus 5 Segmenten bestehenden Postabdomen, 
dessen Segmente von einem geschlossenen einheitlichen Skeletring 
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umgeben sind, ist Scorpioniden und Gigantostraken gemeinsam. Das 
Telson schlieszlich ist beim Gigantostraken Zusarcus scorpionis von 
der selben eigenartigen Form wie bei den Seorpioniden (vergl. 
Fig. 2 und 3); bei AJughmilleria zeigt es noch Aehnlichkeit damit. 
Der eigentümliche Gebrauch des Telsons als Waffe (Giftstachel) 


‚dürfte daher den Scorpioniden und primitiven Gigantostraken ge- 


meinsam gewesen sein. Ebenso aber wohl auch die mit dieser Funk- 
tion des Telsons ‘eng verknüpfte Ausbildung eines schlanken und 
sehr beweglichen Postabdomen. 

Uebereinstimming besteht auch in soweit als das Praeabdomen 
die Atmungsorgane trägt — bei den Scorpioniden an Segment 3 
bis 6 die Tracheenlungen, bei den Gigantostraken und ZLimulus an 
Segment 2 bis 6 die Kiemen. Vergleichung der Kiemen von Zimulus 
mit den Tracheenlungen der Scorpioniden und anderer Arachniden 
deckt im Bau eine in mehrerer Hinsichfauffallende Uebereinstimmung 
auf. In der Lage scheint zunächst in so weit ein erheblicher Unter- 
schied vorzuliegen, als die Kiemen der Merostomen an der Hinter- 
fläche der Blattfüsse liegen, die Tracheenlungen der Arachniden an 
der Bauchseite im Innern des Körpers, bedeckt von den Sterniten 
der betreffenden Segmenten. Blattfüsse fehlen den Arachniden und 
der Unterschied wird dadureh anscheinend noch erheblicher. LANKESTER 


(1881, 1885), Kınesıey (1885, 1893) und Mac T,xop (1884) versuchten 


den Unterschied in der Lage zu erklären und die Atmungsorgane 
der Arachniden von den Kiemen von Limulus abzuleiten. Prüfung 
der Verhältnisse zeigt aber, dass ein so erheblicher Unterschied, wie 
die genannten Autoren ihn hier zu finden glaubten, gar nicht vor- 
handen ist. Die Blattfüsse der Gigantostraken entsprechen durchaus 
den Sterniten am Praeabdomen der Scorpioniden (vergl. Fig. 2, 3); 
sie sind damit identisch und sind auch wiederholt als Sterniten be- 
zeichnet worden (u.a. von Sarıe, 1903, p. 1093 und von CLARKE & 
RvEDsmANN in ihrer Monographie, 1912, p. 60, 65). Die Kiemen der 
Gigantostraken liegen aber genau so auf der inneren, dem Körper 
zugekehrten Seite dieser Sternite, wie die Tracheenlungen bei den 
Arachniden. In der Zage ist kein Unterscheid vorhanden. Nur liegen 
die Kiemen der Gigantostraken nicht in einem engen, nur durch 
ein Stigma geöffneten Raume, wie die Tracheenlungen, sondern in 
einem weiten Raume, der am hinteren und seitlichen Rande der 
Sterniten in offener Verbindung mit der Aussenwelt steht. Der 
Irrtum bei Lankkster, KınasLev und Mac Lvop lag darin, dass sie 
in den Blattfüssen wahre Gliedinassen sahen, homolog den typischen 
Gliedmassen der Arthropoden. Bei den Gigantostraken ist es ohne 
weiteres klar dass dies nicht zutrifft, sondern dass es sich um Sternite 
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handelt, die beweglich sind. Dass die Blattfüsse von Limulus auch 
nur modifizierte Sternite sind (daneben vielleicht noch. Reste von 
Gliedmaszen enthalten) ist bei ihrem mehr komplizierten Bau viel 
weniger einleuchtend, muss aber doch nach Analogie der bei den 
Gigantostraken vorliegenden Verhältnissen geschlossen werden (vergl. 
die eingehendere Darlegung von Versnuys, 1919). 

Seorpioniden und primitive Merostomen (Gigantostraken) zeigen 
also bis in Einzelheiten der Segmentierung durchaus gleichen Bau, 
gleiche Körperregionen, aus derselben Segmentzahl bestehend, und 
“die gleichen rudimentären Segmente. Die Neurömerie, die alte Ver- 
hältnisse so zäh fest zu halten vermag, bringt keinen Hinweis auf 
irgend einen wesentlichen Unterschied in der Segmentierung, etwa 
durch auftreten rudimentärer Neuromere die nur der einen oder 
anderer der zwei Abteilungen eigen wären. Dass bei ZLimulus mit 
der Verkürzung des Abdomens einige hintere Segmente und Neuromere 
fehlen, ist nicht befremdend. Im Ban des Gehirns besteht sehr weit- 
gehende Uebereinstimmung (vergl.. HoLmeren, 1916, p. 107, ff.) 

Eine interessante Uebereinstimmung liegt weiter in dem Auftreten 
eines ähnlichen, im Cephalothorax liegenden inneren Skeletes, eines 
Endosternits, bei Zimulus und bei Arachniden. Es hat bei ZLimulus 
auch Ähnlichkeit in der Form mit dem Endosternit speziell der 
Araneae und der Scorpione, sowohl in den Fortsätzen wie in der 
Bildung eines subneuralen Bogens, der das Zentralnervensystem ring- 
förmig umspannt. 

Bei der Muskulatur ist das Auftreten eigentümlicher dorsoventraler 
Muskeln von Bedeutung, die sich in segmentaler Anordnung von der 
dorsalen zur ventralen Körperwand im Abdomen (Praeabdomen) 
erstrecken. Besonders interessant sind die in der gleichen Körper- 
region liegenden venopericardialen Muskeln, welche von Zimulus, 
Seorpioniden, Araneae und Pedipalpi bekannt sind; sie verbinden 
die Wand des Pericard mit dem des ventralen Blutsinus und sind 
unseres Wissens von anderen Arthropoden nicht bekannt (vergl. 
LANKESTER, BENHAM & Beck, 1885). Auch die Muskulatur des Cephalo- 
thorax zeigt, im Zusammenhang mit dem Vorhandensein eines ähnlich 
geformten Endosternits eine gewisse Uebereinstimmung. Diese Ähnlich- 
keiten sind deshalb von einiger Bedeutung, weil entsprechend der 
ganz anderen Form des Hautskelettes erhebliche Unterschiede in der 
Muskulatur bei Zimulus und dem Scorpion zu erwarten sind, und 
in mancher Hinsicht auch vorliegen. Bernard (1896, p- 395) sieht 
in diesen Unterschieden eine Schwierigkeit für die Annahme einer 
näheren Verwandschaft von Zimulus mit den Arachniden, aber sie 
scheinen uns durchaus nicht erheblicher als sie bei der besonderen 
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Spezialisierung des Abdomens von Zimulus zu erwarten sind. Die 
‚Unterschiede in der Muskulatur hätten nur dann in diesem Sinne 
Bedeutung gehabt, wenn sie bei ähnlichem Bau des Abdomens, also 
etwa in der Muskulatur der Scorpioniden und der uns in dieser 
Hinsicht als fossile Formen unbekannten Gigantostraken nachgewiesen 
wären. 

Am Darmkanal sind als Ähnlichkeiten, welche mit einer Verwant- 
schaft in Beziehung gebracht werden können, hervorzuheben das 
Vorhandensein mehrerer hinter einander liegender Mitteldarm-diver- 
tikel (sog.‘ Leber), sowie ihre gleiche eigentümliche Bildungsweise 
beim Embryo durch Einwucherung von Mesodermsepta in die 
Dottermasse. Bei den Crustaceen entsteht der Hepatopankreas (Leber) 
dadurch, dass an einer Stelle des Mitteldarmes Divertikel hervor- 
wachsen. 

Auch die späte Anlage des Proctodaeums ist den Arachniden und 
Limulus gemeinsam. Wester (1913) wies weiter nach, dass die 
Chitinauskleidung des Darmkanals bei Zimulus mit dem der Arach- 
niden übereinstimmt, indem ein erheblicher Abschnitt des Darmkanals 
ohne innere Chitinauskleidung bleibt; bei Orustaceen soweit unter- 
sucht, fand er immer den ganzen Darm von einem Ohitinbäutchen 
ausgekleidet. i 

Lankester (1881, p. 615; 1904, p. 196) hat auch verschiedene 
Uebereinstimmungen in Blutgefäszsystem hervorgehoben. Es bestehen 
hier zweifellos Ähnlichkeiten. Aber abgesehen von den schon erwähn- 
ten eigentümlichen venopericardialen Muskeln, die auf eine gleiche 
Besonderheit im Kreislaufe hinweisen, sind die andern Ueberein- 
stimmungen doch nicht derartig, dass sie nicht auch eine Folge 
konvergenter Umbildung sein könnten und sind demnach als Beweise 
für eine Verwandtschaft von Zimulus mit dem Scorpion nicht von 
grossem Werte. Damit soll nicht verneint werden, dass diese Ueber- 
einstimmungen mit der Ansicht einer nahen Verwandtschaft dieser 
Tiere in schönstem Einklange stehen. 

Ebenso scheinen uns die — neben nicht unwesentlichen Unterschieden 
— vorhandenen Ähnlichkeiten im Baue der Üoxaldrüsen den Scorpions 
und: Zimulus beurteilt werden zu müssen. Die Mündung der Üoxal- 
drüsen an den Coxae des 5" Gliedmassenpaares stimmt überein. 

Die Art der Follikelbildung in den Ovarien lässt Zimulus und die 
Arachniden als eine scharf umgrenzte Gruppe erscheinen, Diegleiche 
Organisation finden wir nur noch bei Peripatus und bei Myriapoden. 
Die Zusammengehörigkeit dieser Formen wird ferner durch die in 
den Eiern vorhandenen Dotterkerne bestätigt. 

Aus allen diesen Uebereinstimmungen muss unbedingt auf eine 
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Verwandtschaft von Limulus sowie der Gigantostraken mit den 
Arachniden geschlossen werden. Und diese Verwandtschaft muss 
eine sehr enge gewesen sein, da die Ähnlichkeit im Baue zwischen 
Gigantostraken und Scorpioniden nicht nur eine allgemeine, funda- 
mentale ist, sondern sich auch auf eine Reihe besonderer Anpassun- 
gen erstreckt. Konvergenz wird ausgeschlossen dadurch, dass die 
Voraussetzung dazu, ähnliche Lebensweise, schon durch den Unter- 
schied in Milieu (Meeres- und Landbewohner !) nicht gegeben ist. 
Dagegen spricht auch die tiefere Uebereinstimmung im Baue vieler 
Organe, sowie das Fehlen aller wesentlichen Unterschiede sowohl 
im Bau wie in der Entwieklung, wie es doch erwartet werden 
müsste falls die Uebereinstimmungen nur auf Konvergenz beruhten. 
Wichtig ist auch, dass gerade unter den älteren Formen der Mero- 
stomen einige den Scorpioniden am ähnlichsten sind und die Unter- 
schiede in verschiedenen Entwicklungsreihen der Gigantostraken - 
zunehmen, so innerhalb der Pferygotidae und bei den Xiphösura, 
bis bei der lebenden Zimulus schlieszlich eine von den Scorpioniden 
recht verschiedene Gestalt erreicht worden ist. Die Ähnlichkeit im 
Bau der Merostomen und der Arachniden ist also keine Folge von 
Konvergenz, sondern eine Folge wahrer und enger Blutsverwandt- 
schaft. 

Wir pflichten also Srraus DÜRKHEIM und LANKESTER bei, dass die 
Merostomen mit den Arachniden nahe verwandt sind und mit diesen 
in einer Abteilung, einer Klasse, der Arthropoda gestellt werden 
müssen; sie zeigen alle wesentlichen Eigentümlichkeiten der Orga- 
nisation der Arachniden. Die Gigantostraken sind sogar mit den 
Scorpioniden offensichtlich viel enger verwandt, wie diese mit den 
Öpilioniden, Acariden oder Solifugen. 


111. 


Das Wesentlichste am Limulus-problem ist aber nicht der Grad 
der Verwandtschaft der Merostomen mit den Arachniden, sondern 
die Beantwortung der Frage ob nun die Arachniden von den mee- 
resbewohnenden Merostomen abstammen oder umgekehrt diese aus 
landbewohnende Arachniden hervorgegangen sind. Erstere Auffassung 
ist die von LAnkester und der Anhänger seiner Theorie. Sie bringt 
notwendigerweise mit sich die Auffassung, dass alle Arachniden von 
Formen abstammen, deren Organisation derjenigen der Scorpioniden 
äusserst nahe stand, im grossen und ganzen sogar damit identisch 
war. Sie allein auch zwingt uns die eigenartigen Konsequenzen 
der Zimulus-Theorie anzunehmen, die $. 740 betont wurden. 
Ist dagegen die Auffassung richtig, dass die Merostomen von land- 
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bewohnenden Arachniden abstammen, dann bekommen wir ein sehr 
viel einfacheres Bild von der Verwandtschaft der groszen Gruppen 
der Arthropoden und von der Umbildung der Organisation innerhalb 
der Arachniden. Eine dritte Möglichkeit, besonders eine Ableitung 
der Gigantostraken und Scorpioniden von einer gemeinsamen, aber 
wesentlich einfacher und primitiver gebauten Stammform, gibt es 
nicht. Eine solche Auffassung ist zwar besonders in Bezug auf die 
Ableitung der Atmungsorgane der Arachniden ausgesprochen worden 
(vergl. Hrymons, 1905; Reuter, 1909; Kaurtscn, 1910), aber sie ist 
nicht haltbar. Gigantostraken wie Zusarcus, Hughmilleria und Slimo- 
nia sind den Scorpioniden so ähnlich dass die gemeinsame Stamm- 
form dieser Tiere auch einen sehr scorpioniden-ähnlichen Bau aufge- 
wiesen haben muss; Scorpioniden-Habitus und hochdifferenzierte, 
den Tracheenlungen durchaus ähnliche Atmungsorgane müssen vor- 
handen gewesen sein (vergl. auch Kassıanow, 1914, p. 208, und 
Verszuys, 1919, p. 8, 9). Lankester hat denn auch richtig erkannt, 
dass die Stammform aller Arachniden nach seiner Theorie sehr 
scorpioniden-ähnlich gewesen sein musste (vergl. die Schilderung 
dieser Stammform bei seineın Schüler Pocock, 1893, p. 2). 

Dass die Lankestersche Zimulus-Theorie bei der Ausarbeitung zu 
manche merkwürdige und unwarscheinliche Konsequenz führt, ist 
aus den eigenen Arbeiten von Lankkster’s Schülern und Anhängern 
ersichtlich. Seine Theorie zwingt uns, anzunehmen, dass die Tracheen, 
die den meisten Arachniden zukommen, mit den Tracheen der Ony- 
chophora, Myriapoda und Hexapoda keinen genetischen Zusammen- 
hang bezitzen; wir werden weiter gezwungen anzunehmen, dass 
Tracheen sich innerhalb der Arachniden selbst mehrere Male gebildet 
haben und dabei dann noch teilweise aus Tracheenlungen, teilweise 
als Organe sui generis (vergl. Pocock, 1893, p. 17; Laurır, 1894, 
p. 46—47; Purcenn, 1909, p. 88; Verswuys, 1919, p. 43—44). Es 
stellt sich sogar heraus, dass die Umbildung der Kiemen der Mero- 
stomen zu Tracheenlungen unabhängig von einander bei den Scor- 
pioniden einerseits und bei den übrigen pulmonaten Arachniden 
andrerseits stattgefunden haben müsste (PurckuL). Nimmt man mit 
LANKESTER an, dass die Blattfüsse der Merostomen echte Gliedmaszen 
seien (dies stimmt nicht; es sind, wie oben S. 745 dargelegt wurde, 
beweglich gewordene Sternite), so entsprechen ihnen die Pectines der 
Scorpione und die Spinnwarzen jedenfalls die äusseren) der Araneae. 
Die Peetines werden dann aber bei den Pedipalpı von Tracheenlungen 
vertreten und die Spinnwarzen müssten bei ihrer Entstehung aus 
kiementragenden Blattfüssen ein Tracheenlungen-Stadium durchlaufen 
haben (Purorrz, 1909, p. 90)! 
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Und noch ein weiteres groszes Tatsachen-Material macht der 
Lankesturschen Theorie bedeutende Schwierigkeiten. Die Scorpioni- 
den, die nach Lankester als den Stammformen der Arachniden sehr 
nahe stehenden Formen auch den ursprünglichsten Bau aller Arach- 
niden aufweisen sollten, sind in mehreren wichtigen Punkten zweifellos 
weniger ursprünglich als verschiedene andere Arachniden. Es sind 
follgende Punkte hervorzuheben. 

1. Die Scorpioniden haben, ebenso wie die Merostomen, keine freien 
Segmente mehr am Cephalothorax. Bei den Solifugen (SÖRENSEN, 
1914), den Palpigradi und den Schizonotidae aber sind die zwei hin- 
teren Thoraxsegmente frei vom cephalothoracalen Rückenschilde. 

2. Das Praegenital-Segment, welches ‘bei den Scorpioniden und 
Merostomen gänzlich mit dem Cephalothorax verwachsen ist, ist bei 
anderen Arachniden noch selbständig, so bei den Palpigradi, bei 
den Schizonotidae und anderen Pedipalpi, bei den Pseudoscorpiones, 
und, allerdings nur schwach entwickelt, bei den Araneae (vergl. 
Börner, 1902A). 

3. Die Differenzierung in ein 7-gliedriges, breiteres Praeabdomen 
und ein schlankes, aus 5 Gliedern und einem Telson bestehendes 
Postabdomen, wie sie das Abdomen bei den Scorpioniden und eini- 
gen Gigantostraken aufweist, fehlt den andern Arachniden, anch 
solchen, wo das Abdomen deutlich aus einer gröszeren Zahl von 
Segmenten besteht (Solifugen, Pseudo-Scorpioniden und amblypygen 
Pedipalpı). 

4. Verschiedene Arachniden, besonders die Palpigradi und der 
fossile Arachnide Sternarthron, zeigen sehr viel primitivere Verhält- 
nisse in Bezug auf die Sterna, indem auf jedem Gliedmaszenpaare, 
auch zwischen den Cheliceren, noch ein selbständiges Sternum ge- 
funden wird. Bei den Scorpioniden und Merostomen finden wir sehr 
weitgehende Verschmelzung und wohl auch Verschiebung der Sterna. 
Die Solifugen und Pedipalpi sind in diesem Punkte gleichfalls ur- 
sprünglicher wie die Scorpioniden. 

5. Das Endosternit weist bei den Palpigradi und den Schizonotidae 
viel primitivere Verhältnisse auf, als bei den Seorpioniden und 
Limulus. Bei den Solifugen fehlt ein eigentliches Endosternit und 
hier muss LAankester Rückbildung annehmen; es wird hier aber funk- 
tionell vertreten von einem Paare vom Aussenskelet ausgehender 
Entapophysen; es liegen also auch hier viel einfachere und primi- 
tivere Verhältnisse vor, als beim Scorpion. 

6. Die Coxaldrüsen der Arachniden gestatten keine Ableitung von 
dem einen Drüsenpaare mit Mündung am 5ten Segmente des Cepha- 
lothorax, welches beim Seorpion vorhanden ist. Es kommt bei ver- 
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schiedenen Ordnungen der Arachniden daneben oder ausschlieszlich 
ein Drüsenpaar im 3! Segmente des Cephalothorax vor, und die 
Solifugen und Palpigradi besitzen (nur) ein Öoxaldrüsenpaar im 
2ten Segmente. Wir müssen diese Verhältnisse von einem primitiven 
Zustande ableiten, wo vollstandige Coxaldrüsen noch in den meisten 
(wohl 2 bis’5'en oder gar 2ten bis 6ten) Segmenten des Cephalo- 
thorax vorhanden waren. Weder die Scorpioniden noch Limulus 
können hier als Ausgangszustand dienen (vergl. Buxron, 1913, 
1917). 

7. Bei Sternarthron, Koenenia (Palpigradi) und den Solitugen ist 
die Mundöffnung völlig unabhängig von den Gliedmaszen; Kau- 
platten fehlen. Dies ist ein sehr ursprünglicher Zustand, der sich 
schwerlich, wie es Börner (1902, p. 436, 437) will, durch eine Art 
Atavismus erklären lässt. Die Aufnahme nur flüssiger Nahrung, 
kombiniert mit einer eigenartigen „Aussenverdauung” (BErTKAu, 1884; 
vergl. BERNARD, 1896, p. 363; Börnkr, 1904, p. 75; Jorpan, 1913, 
p. 444), ein typischer Zustand der Arachniden, machte Kauwerkzeuge 
von vorne herein überflüssig. Wo diese jetzt auftreten, wie bei den 
Scorpioniden und den Merostomen, stellen sie gewiss einen Neuer- 
werb dar, womit auch eine zweifellos sekundäre Verlagerung des 
Mundes nach hinten verknüpft ist. Am meisten spezialisiert sind in 
dieser Hinsicht gerade die Merostomen. 

8. Auch die Augen der Scorpioniden können nicht den Ausgangs- 
punkt für diejenige aller Arachniden gebildet baben; sie sind dazu 
viel zu sehr spezialisiert im Vergleiche mit den Augen anderer 
Arachniden. 

Wir sehen aus dieser Zusammenstellung, wie das Urarachnid, 
welches die Lankezstersche Zimulus-Theorie annehmen muss, mit 
seinem Scorpioniden-Bau, unmöglich das wirkliche Urarchnid gewesen 
sein kann. Es zeigt nicht den passenden Bau des Cephalothorax, 
des Praegenitalsegmentes, des Abdomens, der Sterna, der Atmungs- 
organe, des Mundes, des Esdosternits, der Coxaldrüsen und der 
Augen! Die primitiveren Verhältnisse unter den Arachniden finden 
wir bei Formen, welche den Merostomen und Scorpioniden möglichst 
ferne stehen, bei den Solifugen, den Palpigradi und den Schizonotidae. 
Man muss hieraus unbedingt schliessen, dass wir mit der Lankes- 
TER’schen Auffassung von der Abstammung der Arachniden von den 
Merostomen nicht auf richtigem Wege sind. Dies hat viele Zoologen 
dazu geführt überhaupt an einer Verwandtschaft von Zimulus mit 
den Arachniden zu zweifeln. Doch steht diese fest begründet; falsch 
kann und muss aber die Auffassung Lankester’s sein, dass die 
meeresbewohnenden Merostomen die Stammformen der landbewohnen- 
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den Arachniden seien, — auch die umgekehrte Ableitung ist denkbar 
und soll jetzt geprüft werden. . 

Wir haben hier jedenfalls eine Anderung des Mediums vor uns, 
indem die Tiere entweder vom Meeresleben zum Landleben oder, 
wie wir jetzt besonders betrachten wollen, vom Landleben zum 
Meeresleben übergegangen sind. Dies konnte von grossem Einfluss 
auf den Bau einiger Organe gewesen sein. Es tritt die Frage in 
den Vordergrund ob wir nicht im Bau dieser Tiere Verhältnisse 
aufdecken können, die uns zeigen. ob das Landleben oder das Wasser- 
leben den mehr ursprünglichen Zustand war. 

Hierbei denkt man zuerst an die Atmungsorgane, als diejenigen 
Organe, deren Bau am ersten vom Medium beeinflusst werden könnte. 
Die Homologie der Tracheenlungen mit den Kiemen der Merostomen 
kann nicht bestritten werden. Und wir finden hier tatsächlich 
Unterschiede im Bau, welche mit dem Medium im engsten Zusam- 
menhänge stehen (vergl. S. 007). Die eigenartigen l,amellen, die für 
die Atmungsorgane so typisch sind, liegen verschieden. Bei den 
Merostomen liegen sie ziemlich offen an der Hinterfläche der Blatt- 
füsse, sodass das Meereswasser sie frei umspült; die Lamellen sind 
gross und zahlreich (Zimulus), damit eine genügend grosse Ober- 
fläche für den Gasaustausch mit dem immerhin sauerstoffarmeren 
Meereswasser gegeben sei. Bei den Arachniden sind die Lamellen 
viel kleiner und liegen verborgen in Höhlen, die durch eine enge 
Öffnung, das Stigma, nach aussen münden; sie sind dadurch gegen 
eintrocknen oder Verletzung durch Erdteilchen geschützt, die Luft 
hat doch genügend Zutritt und die Oberfläche der Lamellen genügt 
für die Aufnahme von Sauerstoff aus der daran viel reicheren Luft. 
Der Zusammenhang von Bau und Medium ist also klar erkenntlich. 
Zur schnelleren Erneuerung des Atemwassers liegen die Kiemen 
der Merostomen auf den beweglichen Blattfüssen. 

Diese Blattfüsse entsprechen den.Sterniten der Scorpione (vergl. 
S. 007 und Fig. 2, 3). Nun sind aber Sternite nichts anderes als 
Skeletplatten der Haut und als solche primär unbeweglich. Sie 
müssen bei den Gigantostraken also erst beweglich geworden sein 
und es muss dies ein sekundärer Zustand sein im Vergleich mit 
den unbeweglichen Sterniten der Scorpioniden. Aber die von unbe- 
weglichen Sterniten bedeckten, also nur durch ein enges Stigma 
zugänglichen und bei ihrer entsprechend inneren Lage auch nur 
verhältnissmässig kleinen Atmungsorgane können nur in der Luft 
Genügendes geleistet haben; sie können nur Tracheenlungen und 
niemals Kiemen gewesen sein. Die gemeinsamen Stammformen der 
Scorpioniden und Merostomen waren also durch Tracheenlungen 
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atmende Tiere, das heisst lundlebende Tiere. Mit dem Uebergang 
zum Meeresleben wurden die Atmungsorgane daran, also an die 
vom sauerstoffarmeren und weniger beweglichen Medium gestellten 
Bedingungen angepasst durch Vergrösserung der Oberfläche der 
Lamellen und der Lungenhöhle selbst mit den, an den hinteren 
Rand der Sterniten liegenden, Stigmata. Dadurch wurden die Sternite 
mehr und mehr aus dem engen Zusammenhang mit dem übrigen 
Körper gelöst und schliesslich zu den beweglichen, kiementragenden 
Chitinplatten, die wir bei den Gigantostraken und, etwas kompli- 
zierter gebaut, bei Zimulus finden. Es spricht auch für die Richtig- 
keit dieser Auffassung, dase wir bei den Merostomen neben den 
Blattfüssen keine Sternite finden. 4 
Die Atmungsorgane und das Landleben der Scorpioniden sind 
also ursprünglicher als die Kiemen unddas Meeresleben der Merostomen! 
Empfindlich für eine Änderung des Mediums müssen vielfach auch 
die höheren Sinnesorgane sein. Bei den Merostomen und Scorpio- 
niden ist offenbar der Bau der Augen vom Medium be&iflusst wor- 
den; denn diese Sin:esorgane sind bei beiden recht verschieden 
gebaut (vergl. Demous, 1914; 1917). 
Limulus besitzt zwei paarige Augen, das Facettenauge und das 
Linsenauge, beide oben auf dem Kopfbrustschilde liegend (Fig. 1). 
Ersteres, obwohl kein typisches Facettenauge wie es die Urustacea 
und Hexcapoda aufweisen, funktioniert ähnlich, indem jedes der 
zahlreichen Omma oder Einzelaugen, woraus es aufgebaut ist, nur 
einen Punkt der Umgebung sieht und erst die Vereinigung aller 
dieser Punktbilder das Bild gibt, welches vom Tiere wahrgenom- 
men wird. Die Linsenaugen sind kleine, einfache Augen; wahr- 
scheinlich sind sie Hilfsaugen der Facettenaugen, 
womit sie das Gesichtsfeld ungefähr gemein 
haben. Sie dienen vielleicht dazu, die Entfer- 
nung der Objekte einzuschätzen, welche mit 
dem Facettenaugen gesehen werden. Denn ein 
Facettenauge wie das von Limulus, gestattet 
nur eine sehr mangelhafte Einschätzung der 
Entfernungen. Viele Insekten besitzen zu 
Fig. 4. Cephalothorax diesem Zwecke Hilfsaugen, die Ocellen (vergl. 
mit Augen eines Scor- Dyyors und ScHRURING, 1912). 
RR ee pr Scorpion hat keine Facettenaugen, aber 
or statt deren beiderseits des Cephalotborax eine 
Ocellen. Gruppe von 2 bis 5 Einzelaugen oder Ocellen, 
jedes ein einfach gebautes Linsenauge (Fig. 4). 
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Dazu kommt oben auf dem Cephalothorax noch ein Paar Einzel- 
augen, ebenfalls mit Linse, aber von erheblich komplizierterem 
Bau, die Hauptaugen. Man hat wegen der ähnlichen Lage diese 
Hauptaugen mit den Linsenaugen von ZLimulus verglichen, aber 
nähere Untersuchung hat einen so prinzipiellen Unterschied im 
Bau aufgedeckt, dass eine Umbildung der Hauptaugen zu den 
Linsenaugen oder umgekehrt unmöglich erscheint (DEMoLL, 1914, 
1917; bestätigt wurde dies durch die wichtige Entdeckung von 
Hormeren, 1916, p. 110, dass die Innervierung von verschiedenen 
Abschnitten des Gehirnes ausgeht). Denken wir uns nun, dass ein 
Tier mit den Augen von Limulus, wie sie soweit ersiehtlich auch 
die Gigantostraken besaszen, zum Landleben überging. Die Facetten- 
augen würden dabei in ihrer Leistung kaum beinflusst werden, denn 
bei der eigenartigen Weise, worin beim Facettenauge das Bild aus 
Einzelpunktbildern aufgebaut wird, hat das Medium keinen Einfluss 
anf das entstehende Bild. Das einfache Linsenauge würde wohl 
beeinträchtigt werden in seiner Leistung, indem das von der Linse 
entworfene Bild nicht mehr genan auf die Netzhaut projiziert werden 
würde; entweder wäre dies bei einem Hilfsauge der Facettenaugen 
nicht sehr wichtig und das Auge würde ohne grössere Umbildung 
noch genügend leisten können, oder aber es würde als bedeutungs- 
los rudimentär werden. Niemals aber hätte das Hauptauge des 
Scorpions daraus entstehen können. Eine erhebliche Umbildung der 
Augen erscheint also durch den Wechsel des Mediums nicht begründet 
und es liegt kein ersichtlicher Grund vor, weshalb die Augen von 
Limulus zu den Augen des Scorpions umgebildet worden wären. 
Die Aufteilung des Facettenauges in eine Gruppe von Einzelaugen, 
eine Umbildung, die eine Verschlechterung des Gesichtsvermögens 
bedeutet, bleibt unerklärt. Und unbeantwortet bleibt die Frage, wo 
das hochentwickelte Hauptauge des Scorpions plötzlich hergekommen 
sein könnte. Es gelingt nicht die von Lankssters Theorie verlangte 
Umbildung der Augen von Limulus in die des Scorpions aus dem 
Mediumwechsel heraus zu erklären, oder durch morphologische Daten 
wahrscheinlich zu machen. Stellen wir uns nun die Gegenfrage: 
welchen Einfluss könnte der Uebergang zum Wasserleben auf die 
Augen, auf das Sehen, des Scorpions ausüben? Bei den Hauptaugen 
würde, durch die viel geringere oder fehlende Brechung der Licht- 
strahlen an der convexen Vorderfläche der unbedeckten Linse, das 
Bild ziemlich weit hinter die Netzhaut fallen, sodass im Auge nur 
ein sehr undeutliches Bild entstehen würde. Das Tier würde mit 
seinen Hauptaugen nicht mehr sehr gut sehen können, und diese 
würden, wie alle nutzlosen Organe, zurückgebildet werden oder 
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ganz verschwinden. Die Änderung des Mediums würde also das 
Fehlen der Hauptaugen bei Zimulus erklären !). 

Die gehäuften Seitenaugen des Scorpions sind ebenfalls Linsenaugen 
und jedes einzelne würde, genau wie bei den Hauptaugen, von der 
Anderung des Mediums“ in ihrer Leistung erheblich beeinträchtigt 
werden. Aber diese Augen arbeiten, soweit ersichtlich, beim Scorpion 
auch schon einigermaszen zusammen, wie die Ommata der Facetten- 
augen, und dabei ist es nicht so wesentlich, ob das Einzelbild auf 
oder hinter die Netzhaut fällt; namentlich für das so wichtige Sehen 
von Bewegungen der umgebenden Objekte wäre die Gruppe von 
ÖOcellen noch brauchbar. 

Die Seitenaugen könnten also erhalten bleiben und zwar so, dass 
sie nur noch zusammen, wie Ommata, wirkten. Man kann sich 
recht gut vorstellen, das derart im Wechsel des Mediums der Anstosz 
zur Vermehrung und zum engeren Anschluss der Ocellen gegeben 
war und dabei musste aus den Öcellen des Scorpions ein einfaches 
Facettenauge entstehen. | 

Das Linsenauge von Limulus ist offensichtlich aus einem der 
Seitenaugen des Scorpions hervorgegangen, das 
nicht in das Facetten-auge mit aufgenommen 
wurde. Wir kennen einen fossilen, im Meere 
lebenden Scorpion, Proscorpius osborni, der 
deutlich das Wegrücken eines dieser Augen 
von den anderen, nach der Mittellinie des Körpers 
zeigt, während das alte Hauptauge auch noch 
erkennbar ist (Fig. 5). 

Es kann also durch den Uebergang vom 

Fig. 5. Cephalothorax Landleben zum Meeresleben sowohl das Ver- 
mit Augen des marinen schwinden der Hauptaugen wie die Umbildung 
Scorpions Proscorbius der Seitenaugen zum Facettenauge (und einem 
a npchrlranee Hilfsauge) erklärt werden. Auch die deutliche 
& RUEDEMAnn, 1912, ; j Pr 
0. 389, Fig. 83. Tendenz der Linse sich abzuschnüren deutet 

H.A. Hauptaugen; Oc. darauf hin dass hier ein Auge vorliegt, das 
Ocellen; Oc’ nach der erst auf dem Wege ist, sich dem Sehen im 
Medianlinie verschobe- Wasser anzupassen (Näheres s. Drmorı 1914). 
nes Ocellenpaar. Aus der Gestaltung der Linse allein müsste 


I) Nach HoLmGREN wäre es bei Limulus als Lateralteil des. Geruchsorganes 
vorhanden (1916, p. 111). Diese Auffassung ist irrig. Dieses sog. Geruchsorgan 
— vermutlich ist es ein funktionloses rudimentäres Auge, weiter nichts — 
wird von demselben optischen Ganglion innerviert wie das Fazettenauge 
von Limulus, hat also auch denselben Ursprung wie dieses (= Seitenaugen 
des Scorpions) (DEMoLL, 1914). ig 
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man schon schliessen, dass die Entwickelung vom Landtier zum 
Wassertier führte und nicht umgekehrt. 

So sehen wir, dass die für den Wechsel des Mediums an erster 
Stelle empfindlichen Atmungsorgane und Augen uns auf die Frage, 


in welcher Richtung eine Änderung der Lebensweise stattgefunden 
haben muss, die Antwort geben: in der Richtung vom laand- zum 
Meeresleben, nicht, wie Lank&ster annahm, umgekehrt. 

Es ist auch zu betonen, dass bei einer Änderung des Mediums 
erst nachher die Anpassung folgen kann; ein Tier kann sich einem 
Milieu nicht anpassen, bevor es darin lebt. Falls die Scorpioniden 
von Meerestieren abstammten, müssten die Uebergangsformen Land- 
tiere gewesen sein. Was finden wir nun in dieser Beziehung bei den 
Gigantostraken und den Scorpioniden ? Wir kennen keine auf dem 
Lande lebenden und in der Umbildung zu Scorpioniden stehenden 
Gigantostraken, wie Lankester’s Theorie sie voraussetzen muss. 
Wohl aber kennen wir im Meere, in Küstengewässern und vermut- 
lich Delta-gebiete, aber jedenfalls im Wasser‘) lebende Uebergangs- 
formen, marine Scorpioniden wie Palaeophonus und Proscorpio?), 
und Gigantostraken von scorpioniden-ähnlichem Habitus, wie Busarcus 
und Slimonia. Die Lankester’sche Theorie würde hier bedingen, 
dass die Scorpioniden-Organisation noch während des Meereslebens 
entstanden wäre und nachher dann die nahezu fertigen Scorpioniden 
aus Land gegangen wären. Dort hätte sich dann ihre Körpergestalt 
als so geeignet erwiesen (trotzdem sie unter ganz anderen Bedingungen 
im Wasser entstanden wäre), dass sie sich nahezu unverändert bis 
in die Jetztzeit erhalten konnte. Das heisst, die Anpassung sei vorher, 
im Meere erfolgt, nicht nach der Anderung der Lebensweise, auf 
dem Lande! 

Leiten wir dagegen die Merostomata von scorpioniden-ähnlichen 
Land-arachniden ab, dann hat zuerst die Änderung des Mediums 
stattgefunden und erst nachher schwand allmählich der typische 
Scorpioniden-Bau. Aus zum Strandleben im Meere oder in Delta- 
gebiete übergegangenen, dem neuen Medium erst wenig angepassten, 
primitiven Scorpioniden sind dann die scorpionidenähnlichen Gigan- 
tostraken entstanden (Zusarcus scorpionis, u.8.w.); ällmahlich änderte 
sich die Körpergestalt unter -dem Einflusse der neuen Existenzbe- 


') Vergl. O’CönneLL (1916) und ScHucHERT (1916). O’CONNELL meint sogar, 
dass die Gigantostraca Flussbewohner waren; die späteren Formen (Euryp- 
terus z. B.) waren aber wohl sicherlich marine Tiere. 

”) Es soll hiermit nicht gesagt sein, dass diese marinen Scorpioniden die 
direkten Stammformen der Merostomen sein müssen; aber sie zeigen, dass 
Scorpioniden zum Meeresleben übergegangen sind. 
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dingungen, passte sich der schwimmenden Lebensweise an (Ruderfüsse, 
Schwanzflosse) oder änderte sich in Anpassung an die wühlende 
Lebensweise immer mehr, bis zuletzt Typen wie Hemiaspis und 
Limulus entstanden. ') 

Diese Umbildung, Anpassung, ist bei Zimulus heute noch nicht 
ganz zum Abschluss gekommen; hinsichtlich der Augen befindet 
Limulus sich jetzt noch in einem Uebergangszustand, wobei allerlei 
noch in Umbildung steht. Dies geht hervor aus die Zahl und die 
Lage der rudimentären Augen und aus die Linsenform beim medialen 
Auge. Wir stellen also nochmals ausdrücklich fest: nicht der Skorpion, 
sondern /wmulus hat eine Zeit tiefgreifender Umbildung des Baues 
hinter sich, welche vielleicht jetzt sogar noch nicht gänzlich abge- 
schlossen ist. 

Aus diesen Ausführungen geht wohl überzeugend hervor, dass 
eine Abstammung der Arachniden von den meeresbewohnenden 
Merostomen nicht angenommen werden kann, sondern dass letztere 
hervorgegangen sind aus landbewohnende Arachniden, welche primitive_ 
Scorpioniden waren. Nur mit dieser Auffassung steht im Einklang, 
dass nicht die Scorpioniden und Merostomen die primitivste Organi- 
sation innerhalb der Arachniden zeigen, sondern ganz andere Formen 
die Solifugen, Palpigradi und Schizonotidae; vergl. S. 750). 

Eine Schwierigkeit könnte dieser neuen Deutung nur noch ent- 
stehen, wenn eine Verwandtschaft der Merostomen mit Trilobiten 
oder anderen Crustaceen nachgewiesen wäre. LANnKESTER hat diese 
angenommen und dies mag mit bestimmend für seine ganze Auf- 
fassung vom Limulus-Problem gewesen sein. Hällt man an dieser 
Auffassung fest, dann wird es allerdings schwer die Merostomen 
von Land-Arachniden abzuleiten, weil man dann auch annelımen 
muss, dass die Ürustaceen von den Merostomen abstammen (man 
vergleiche Jaworowskı, 1894, p. 66 ff, 74—75). Daran kann aber 
nicht gedacht werden, weil die Urustaceen zweifellos von viel ur- 
sprünglicher und ganz anders gebauten Arthropoden abgeleitet werden 
müssen, als die Merostomen es sind. Es ist nun aber ein Irrtum, 
eine direkte Verwandtschaft der Merostomen und ÜCrustuceen als 
feststehend anzunehmen. ‚Eine selche ist durchaus nicht erwiesen. 


Die geringen Ähnlichkeiten (die Kiemen !) sind als Konvergenzen zu 
_ deuten. Die Blattfüsse von Zimulus, die durch ihren angeblichen 
Spaltfusstypus an die Crustaceen anknüpfen sollen, sind nur modi- 


| !) Mit dieser Auffassung steht im Einklang, dass Limulus seine Eier hoch 
hinauf auf dem Strande ablegt, sodass sie nur teilweise vom Meereswasser 
bedeckt werden (IwAnorr, 1907; MONTGOMERY, 1909, p. 314). 
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* fizierte Sternite und keine Gliedmassen. Bei den Gigantostraken 
zeigen sie noch keine Spur vom Spaltfusscharakter; dieser tritt erst 
bei dem geologisch so viel jüngeren Zimulus hervor. Es handelt 
sich hier nur um Konvergenz, und dabei um eine gar nicht weit- 
getriebene Ähnlichkeit. Die Orustaceen, einschliesslich der Limulava 
(Warcort, 1911, 1912; CLarkE und RUEDEMANN, 1912, p. 410) 
besitzen 2 Paar Antennen‘), typische Mundteile(Mandibel, 2 Paar 
Maxillen) und Gliedmassen von deutlichem Spaltfusscharakter. In 
keiner- Hinsicht ist irgend welche Uebereinstimmung in den Glied- 
maszen bemerkbar, welche als ein Zeichen einer Verwandtschaft 
der Zimulava mit den Merostomen gedeutet werden könnte. Die 
Körpergliederung ist, wenn man der Segmentierung der einzelnen 
Abschnitte gebührend Rechnung trägt, auch eine andere; eine ge- 
legentliche, nur sehr oberflächliche. Ähnlichkeit der Gestalt, wie sie 
unter den Arthropoden verschiedener Abteilungen bisweilen gefunden 
wird, hat mit Verwandtschaft gar nichts zu tun. Dies trifft besonders 
für die, nicht einmal grosse, Ähnlichkeit der Zimulus-Larven mit 
einzelnen Trilobiten zu. 

Strabops, eine fossile Form aus dem Cambrium, der als ursprüng- 
lichster, noch nicht typischer Gigantostrake gedeutet wird (ÜLARKE 
& Ruerpemann, 1912, p. 152—155) zeigt mit den Gigantostraken eine 
gewisse Ähnlichkeit in der Körpergestalt, aber diese ist längst nicht 
vollkommen. Von den Gliedmaszen, die bei fossile Arthropoda doch 
ausschlaggebend sind für die Beurteilung der Verwandtschaft, ist 
nichts Brauchbares bekannt (es liegt nur ein Abdruck der Rücken- 
seite und von ganz kleinen Fragmenten der Gliedmaszen vor). Die 
Augen haben ganz andere Form wie bei den Gigantostraken; Lin- 
senaugen (Hilfsaugen) fehlen. Weiter fehlt jede Andeutung einer 
Differenzierung in Prae- und Postabdomen. Wir wissen nicht ob 
das reichlich kleine Kopfschild einen aus 6 Segmenten bestehenden 
Cephalothorax bedeckte, und ob der Abdomen Blattfüsse trug wie 
bei den Merostomen, oder Spaltfüsse wie bei Crustaceen. Die Ver- 
wandtschaft von Strabops ist denn auch durchaus problematisch und 
die Form lässt sich zu phylogenetischen Schlussfolgerungen keines- 
falls verwerten. 

So liegen in dieser Richtung Bedenken gegen die oben befür- 
wortete Abstammung der Merostomen von Landarachniden nicht 
vor. Niebts zwingt uns eine Verwandtschaft der Crustaceen (Trilo- 
biten und Zimulava einbegriffen) mit den Merostomen anzunehmen. 


') Die Trilobita besitzen an Stelle des 2ten Antennenpaares noch die 
ursprünglich gebauten Spaltfüsse 
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Die tiefgehenden Unterschiede im Bau sowie die zweifellose Ver- 
wandtschaff des Merostomen mit den Arachniden sprechen gegen 
eine direkte genetische Beziehung der Crustaceen mit den Merosto- 
men; diese anzunehmen führt zu der unhaltbaren Konsequenz, dass 
die Orustaceen von den Merostomen abstammen müssen. 

Wir können also an der Auffassung festhalten, dass die Mero- 
stomen von primitiven, landbewohnenden Scorpioniden abstammen. 
Nur dann kann für die Arachniden die Stammform angenommen 
werden, die tatsächlich die für diese notwendige Arthropodenorga- 
nisation zeigt in Bezug auf Körpergliederung (zwei freie Thorax- 
segmente, freies Praegenitalsegment, keine Gliederung in Prae- und 
Postabdomen), Sterna, Mundbildung (Mund frei von den Gliedmassen ; 
keine Kauplatten), Atmungsorgane (Tracheen, mit Stigmata in den 
meisten Körpersegmenten), Endosternit (zunächst noch fehlend) und 
Coxaldrüsen (mindestens in Segment 2 bis 5 des Cephalotborax) !). 
Auch die Augen gestatten es nicht vom Zustand der Scorpioniden 
auszugehen; wir müssen von einem eversen Augentypus ausgehen 
(Solifugen, Phalangiden, Acariden); daraus ging der inverse Augen- 
typus der Scorpioniden hervor. 
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Diese Auffassung von der Stammform der Arachniden ermöglicht 
es auch, Beziehungen zu den andereu Landarthropoden, namentlich 
zu den ÖOnychophora und Myriapoden anzunehmen. Die Arachni- 
den können dann von den gleichen primitiven, durch Tracheen 
atmenden Landarthropoden abgeleitet werden, wie die Myriapoden 
und die aus letztere hervorgegangenen Hexapoden; alle tracheaten 
Arthropoden sind dann gemeinsamen Ursprunges. Dabei muss sich 
der zu den Arachniden führende Ast schon sehr früh abgezweigt 
haben. Die vordere Lage der Geschlechtsöffnung weist auf progo- 
neate Myriapoden hin, die exogene Eibildung auf diese und auf 
Peripatus (van Kampen, 1916). Das Fehlen eigentlicher Kauwerk- 
zeuge lässt die Stammformen der Arachniden in der Nähe der 
Onychophora vermuten ?). Darauf weisen auch die Coxaldrüsen hin, 
die bei den Solifugen wie bei Peripatus als Speicheldrüsen funkti- 
onieren (vergl. Buxron, 1913, p. 258; 1917, p. 8, über Palpigradi 
p. 9). TInd namentlich bedeutungsvoll ist die von HoLMGREN aufge- 


I) Vergleiche S. 750—751. 

2) Die Frage nach dem Verbleiben der Antennen bei den Arachniden 
lassen wir unerörtert, da dies uns zu weit führen würden; in Betracht käme 
als Antennen-Segment vor Allem das Praecheliceren-Segment (vergleiche 
Heymons, 1901, p. 148; CARPENTER, 1913, p. 342; KORSCHELT & HeEipDEr, 
1892, p. 636, und namentlich HoLMGREN, 1916, p. 76). 
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deckte weitgehende Uebereinstimmung im Bau des Gehirns. Wichtig 
ist der primär unsegmentierte Typus des Vorderhirns bei Onycho- 
phora, Arachniden und Zimulus (und Polychaeta errantia) im Gegen- 
satz zum sekundär segmentierten Typus des Vorderhirns der übrigen 
Arthropoden (Crustacea, Myriapoda und Hexapoda), der von dem 
ersten Typus abgeleitet werden muss. Weiter haben die Onychophora, 
Arachnida und Limulus einen typisch gebauten Zentralkörper (ge- 
streifter Körper), sowie ein dem Vorderhirn sich direkt anschliessen- 
des Tritocerebram (Hoınmeren, 1916, p. 274, 275). Wir haben soweit 
ersichtlich als Ausgangsformen für den Stamm der Arachniden 
kiefernlose, in einiger Hinsicht noch Peripatus-ähnliche Formen mit 
gegliederten Extremitäten anzunehmen. Die Arachniden gingen von 
hier ihren eigenen Weg; sie bildeten keine Kiefer aus, ernährten 
sich in der Hauptsache von den mehr flüssigen. oder durch Fer- 
mente in situ verflüssigten, Bestandteile der von ihnen erbenteten Tiere. 

Es liegt kein Grund vor, direkte Beziehungen der Urarachniden 
zu den Crustaceen anzunehmen. Der Ursprung der letzteren ist viel- 
mehr in der Nähe jenes Hauptastes zu suchen der in den Hezapoda 
gipfelt. Hierfür spricht vor allem der ähnliche Bau des Gehirns 
(Hormeren 1916, p. 116) und der gleiche Bau der Facettenaugen. 
Zwar ist eine konvergente Ausbildung von diesem Augentypus mög- 
lich, denn er ist bei den Scutigeriden, bei den Strepsipteren und bei 
Hexapoda-Crustacea entstanden (vom doch recht unvollkommenen 
Facettenauge von Limulus sehen wir hier ab). Aber beim Facetten- 
auge der Aexapoda und Crustacea liegt eine so weitgehende Ueber- 
einstimmung in Bau vor (gleiche Zahl der die einzelnen Teile auf- 
bauenden Elemente, wie von Hesse und seinem Schüler ZIimMERMANN 
aufgedeckt wurde; ZiMmMerMmANN, 1913; vergl. auch LAnkkster, 1904A, 
p. 573), dasz wir einen gemeinsamen Ursprung dieses Facettenauges 
annehmen müssen '). 

Es ‚hat sich demnach, nach unserer Ansicht, vom Stamme der 
Arthropoden zuerst der Ast der Arachniden abgezweigt unter Aus- 
bildung der Cheliceren und Verlust der Antennen, während die 
Insekten und Crustaceen zunächst noch einige Entwicklungs-Etap- 
pen gemeinsam hatten, die sich in verschiedener Hinsicht in ihrem 
Bau aussprechen. Die Stammformen der Crustaceen gingen dann 
zum Wasserleben über. 

Einen diphyletischen Ursprung der Arthropoden, wie ihn von 
Kennen (1891) befürwortet und auch Kınester (1894) in Erwägung 


I) Gegen einen monophyletischen Ursprung des Facettenauges der Crustacea 


und Hexapoda hat sich Mororr (1911) ausgesprochen. Seine Gründe scheinen 
uns nicht stichhaltig. 
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zieht, wobei sich die Crustaceen selbständig aus Anneliden-ähnliche 
marine Stammformen entwickelt haben sollten, können wir nicht 
annehmen. Die Uebereinstimmungen im Bau aller Arthropoden 
scheinen uns dies aus zu schliessen (vergl. Hrıper, 1914, p. 498— 
499). Die Crustaceen müssen dann aber von tracheaten Landarthro- 
poden abgeleitet werden. 

Vom zu den Arachniden führenden Aste zweigten sich vermut- 
lich die Pyenogoniden ab, und zwar frühzeitig. Mit den Arachniden 


Hexapoda 


Myriapoda 


Crustacea 


7rilobita 


zsoydogadung 


Annelida 
Fig. 6. Versuch eines Stammbaumes der Arthropoda. 


und Merostomen zusammen bilden sie eine grosse Abteilung der 
Arthropoden, die man nach dem für sie typischen Besitze von 
Cheliceren als Chelicerota bezeichnen kann (vergl. Hrymons, 1901). 
Unsere Ansicht von der Verwandtschaft der grossen Abteilungen 
der Arthropoda ist in schematischer Form im beigefügten Stamm- 
baum (Fig. 6) niedergelegt '). 

) Unser Stammbaum unterscheidet sich namentlich dadurch vom neuen 
HoımGrEnN’schen Stammbaum der Arthropoda (HoLMGREN 1916, P- 278, 
Schema 6), dass HoLmGREN oberhalb der Onychophora die marinen Trilobita 
einschaltet, während wir dort primitive landbewohnende Myriapoda anschliessen 
lassen. HoLMGREN’s Stammbaum beruht wesentlich auf seinen eigenen Unter- 
suchungen des Gehirns der Arthropoda. Das Gehirn der Trilobita ist näturlich 
unbekannt und hier liess HOLMGREN sich leiten von der Auffassung, dass die 
Merostomen von Trilobiten abstammen, eine Ansicht, die wir Kerverien. 
Sonst besteht aber sehr weitgehende Uebereinstimmung in den Stammbäumen. 
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1. Die Merostomen sind aus primitive Scorpioniden entstanden, 
die zum Wasserleben übergegangen waren. Sie gehören zu den 


Arachniden. 
9. Mit den Crustaceen sind die Merostomen nicht näher verwandt. 


3. Die Arachniden stammen von sehr ursprünglichen, den Ony- 
chophora nahestehenden Myriapoden ab. 
4. Nachher erst entstanden aus den Myriapoden die Urustacea 


und die Hexapoda. 

5. Die Tracheen der Arthiropoda sind einheitlich im Ursprung; 
eine zwei- oder mehrmalige parallele Ausbildung derselben hat nicht 
stattgefunden. 
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Physiology. — “On Serum-lipochrome”. (Part II). By Prof. Hızmans 
v. D. BereHu and Dr. P. MUuLLER. 


(Communicated at the meeting of April 23, 1920). 


In 1890 von Noorpsn described a peculiar colour of the skin '), 
observed in sufferers from diabetes, which he named xanthose’). 
Originally he suspected the colouring matter, causing xanthose, to 
be a product of hemoglobin. Afterwards he receded from tlıis opinion 
and declared that the nature of the pigment was still unknown. 

In 1913, before having cognizance of v. NOORDEN’s communication, 
we?) had observed the same orange-like colour in several persons, 
especially in sufferers from diabetes, but also in other men. This 
coloration seemed always to be attended by an increase of the serum 
lipochrome. The assumption was warrantable that this peculiar colour, 
which does not differ in any way from v. NOORDEN’s xanthose, 
deperds on the supernormal lipochrome-amount of the blood. Since 
that time several reports on this subject have been published. PALMER *) 
and his co-workers have demonstrated that in cows the carotin of 
blood-serum, body-fat, and milk-fat, in fowls the xanthophyll of blood- 
serum, body-fat, and egg-yolk, originate from the vegetable carotinoid, 
taken in with the food. Latterly also German researchers have pointed 
to the correlation of the human serum-lipochrome, with the food- 
lipochrome. | 

In 1913 and 1914 Mr. Bere performed unplublished researches 
in the Laboratory of the Groningen clinic, which support this 
hypothesis. 

Mr. Bere’s conclusions were the following: 

1. The amount of lipochrome of the blood corresponds with that 
of the diet. It diminished (the experiments were made on Mr. Burg 
himself) considerably, after an exclusive diet during 10 days of 
skimmedmilk, uncoloured flour and rice. After a mixed diet and many 
eggs the amount of lipochrome rose higher than before the commence- 
ment of the experiment. 


2. Fowls possess a high serum-lipochrome content. After giving 


!) Handb. d. Pathol. d. Stoffwechsels, II, 290. 
2) Internat. Dermatol. Congress, Berlin, 1904. 
3) Deutsch. Arch. f. klin. Mediz. 1913, blz. 540. 
#) Journ. biol. Chem. 1914, 1915, 1916, 1919. 
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them for some time a lipochrome-poor diet, the lipochrome disappears 
completely from their serum. 

3. Cows, pasturing in the meadow, yield milk that is much richer 
in lipochrome than with stall-feeding (relationship of the colouring 
materials of the grass and those of tlıe bloodserum). Also the blood- 
serum of these cows contains more lipochrome than that of stable-cows. 

These conelusions are completely in accordance with PaLmer’s 
findings. 

When proseceuting our inquiry, it appeared to be necessary to 
determine quantitatively or to estimate the amount of lipochrome in 
bloodserum, plant-parts, and animal tissues. This we attempted to 
do colorimetrically. 

For eomparison-liquid we used a '/,, °/, aqueous solution of potas- 
sium-bichromate; the lipochrome was invariably examined in an 
ether-solution. It is necessary for similar quantitative estimations to 
use always the same solvent, the colour of an equal quantity of a 
definite lipochrome varying in different solvents. 

The determination of the lipochrome-content of bloodserum takes 
place in the following way: 

1 or 2 ce. serum is preeipitated with the same volume of 96 Bi 
alcohol. The. liquid is centrifuged, the precipitate extracted with 1 
resp. 2 ce. of ether. This yields an (impure) lipochrome solution in 
ether of the same concentration as in the original serumm. 

When there is a high lipochrome content, the precipitate is once 
more extracted with an equal quantity of ether, after which the 
value must be multiplied by 2. 

When there is a large amount of bilirubin the ether-extract is 
washed with a few drops of very dilute sodium hydrate solution. 

With the aid of Heruıc®’s colorimeter we made a comparison 
with the potassium-bichromate solution. 

The lipocbrome-content of parts of plants and of animal tissues 
was determined as follows: 

Parts of plants were boiled with alcohol, and subsequently extracted 
in a mortar with alcohol and ether, until the extraet was colourless. 
The extraet is filtered, then the eolouring matter is, by the additiou 
of. water, transferred to ether. With this operation other vegetable 
pigments remain in the lowermost dilute alcoholie layer. If necessary 
this layer is still extracted with ether, and the ether extracis are 
given a proper intensity of colour by evaporating them down with 
caution. By the addition of a few drops of absolute alcohol a clear 
ether-extraet is obtained, of which the volume and the colour is 
determined. Let a be the parts of plants in grammes, 5 the amount 
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of the extract in e.c. and c the standard percentage of the tint, then 
cb 

100a' 

if 1 gr. of the substance was completely extracted to 1 cc. of ether- 

extract, the content expresses how many times this tint is stronger 

than our standard-tint. 

Animal tissues are minced up and divided into two portions. Of 
one of them a water determination is made, by drying it with 
dried seasand on the waterbath to a constant weight. 

The other portion is rubbed with alcohol and ether and, as in 
the case of plants, the content is determined. The content of animal 
tissues was generally determined for 1 gr. dry substanee. With fat 
a fat-determination is substituted for a water determination, so 
that in that case the content is determined for 1 grm. of pure fat. 

The determination of the lipochrome-content of carotin-like and 
xanthophyll-like pigment in some parts of plants yielded the following 
result (the values found represent quanta of pigment to 100 grms. 
of moist substance, the pigment solved in 100 ce. of ether. (See 
table 1). 

In making these determinations we used only a rather rough 
method. Besides the lipochrome pigment the solutions also contained 
all sorts of impurities. Moreover, if in our experimentation, we start 
from small quantities of material, traces of lipochrome will be 
unobserved. If, in starting from 10 ce. of cow’s serum, we find 
3 carotin and O0 xanthophyli, it is very well possible that, when 
working with large quantities of serum, traces of xanthophyli might 
still have been detected. 

While performing these determinations, we have assumed that 
both groups of lipochrome (carotin and xanthophyll) have in the 
same concentration the same colour and intensity of colour, which 
is regularly diminished through dilution. According to WILLSTÄTTER’S 
experience this statement is not right. With the-considerable dilu- 
tions, used by us, we deemed it justifiable to negleet this error. 
The values found are mean values, those of the several samples of 
the same substance often differ very much. 

As said in a previous communication, we mean by carotin and 
xanthophyli the pigments that have a greater affinity either for 
petroleum-ether, or for methylalcohol, being well aware that this 
group may comprise various substances. 

In order to ascertain the influence of diet upon the serum-lipo- 
chrome, we determined in a dozen subjeets the amount of this 
pigment first with the ordinary, mixed, hospital diet, and a second 


So we determined the tint as 


the formula for the content is 


& 


zu De re Me. a a A 
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Saladı. , ..#. 
carrots 
spinage . 
egg-yolk. 
egg-white 
cow’s serum . 
fowl’s serum . 
rice. 

white bread 
brown bread . 
ordinary milk. 


butter-milk (churned at 
laboratory) . EOBe a FF 


butter. 


. beef (lean) . 


„ (fat) 
potatoes. 
cauliflower. 


maize. 
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TABLE 1. 

xanthophyli carotin total 
2.9 0.76 3.66 

0.0 25 2.5 

15.3 4.4 19.7 

27.5 0.0 21.5 

0.0 0.0 0.0 

0.0 3.0 3.0 

3.0 0.0 3.0 
Te % trace 

trace trace 0.3 
trace trace 0.27 

0.0 0.9 0.9 

the 
BT 0.0 trace 0.01-—-0.02 

0.0 241 21 
0.0 0.08 0.08 
0.0 0.16 0.16 

z ? 0.2—0.5 

? fe 0.3 

6.7 1.6 8.3 

0.0 0.0 0.0 


beetroots 


TABLE Il. 
EEE GEBE GEESEEREEEBEED. 


time after a fortnight’s diet which contained a large quantity of vege- 
tables and eggs. The results obtained have been tabulated in 


ordinary | lipochrome-rich ordinary 

diet diet diet 
ee in 
0.25 1.08 Kn. 0.19 
0.17 0.45 vB. | 0.4 
0.42 1.34 Kr. 0.8 
0.34 0.86 Be. 0.52 
0.21 0.54 J: 0.2 
0.16 0.65 H. 0.08 
0.21 | 0.42 the same 


lipochrome-rich 
diet 


0.70 
0.92 
1.24 
0.74 
0.96 
0.4 


after two more 
0.56 weeks 
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From this table it follows that a lipochrome-rich diet produces 
considerable increase of the serum-lipochrome. The great obstacles, 
impeding a control of the food used by patients in acommon ward, 
are responsible for the fact that an accurate determination of the 
lipochrome taken up could not be made and that we had to be 
satisfied with an approximate evaluation. 

When comparing tbese figures with those obtained with sufferers 
from diabetes, it appears that the diet may be made greatly answer- 
able for the high values with this disease (See Table Ill). 

This tallies with the experience that, with sufferers from diabetes, 
sometimes normal values are obtained; on the other hand that a 
patient not suffering. from diabetes, but accustomed to eat 7 0885 
a day, had a lipochrome-content of 0,9. 

Both with the consumption of many eggs (xanthophyll) and with 
the taking of carrots (carotin) an increase of the lipochrome-content 
was produced. Therefore, as will also appear further on, man is 
able to take up both pigments, contrary to the cow and the fowl 
which take up respectively only carrotin and xanthophylil. 

Thus far-the inquiry had shown that with a diet comprising many 
carotinoids the lipochrome-content of the bloodserum rises rather 

TABLE Ill. 


Serum-lipochrome in some sufferers from diabetes. 


| 
Ile 1.3 | 4 0.82 7 0.7 10. 0.72 13. 0.95 
Ze 0.9 5. 0.95 8. 1.9 us 1.3 14. 0.75 
3. 0.54 6 0.8 8 0.85 12. 0.9 15. 0.45 


rapidly, and that it is lowered rather soon after a diet, which is 
poor in these pigments. We also wished to examine the lipochrome- 
content of other organs. 

The provisional answer is to be Fee in Table IV, from which 
we deduce the following conelusions: 


1. The lipochrome-eontent of the various tissues is very different. 
The blood is poorest in this pigment, also when calculating its 
relation upon the dry weight of the blood, in which the water- 
content of the blood may be put at about 80°/,. Richest in lipo- 
chrome is the adrenal; after this generally follows the liver, (in 
some cases the fat contained more pigment than the liver); after 
this comes fat and lastly the spleen. Of the latter two the one 
sometimes takes precedence of the- other. 


Er 


u re ee u en ae 


'no question of elderly people presenting excessive values. 


The large lipochrome-content of adrenal and liver proves that 


"these organs do not owe their pigment simply to the deposition of 
‚the, coloured body fat in their tissues. There must be some elective 
‚affinity of these tissues for the lipochrome. 


2. With.a single exception (N°. 6) considerable amounts of pigment 
were found in the organs also in those cases in which no lipo- 
chrome could be demonstrated in tbe blood. We will give a single 
instance: in patient N°. 40 a rather high value was noted for the 
adrenal, whereas the blood was free from pigment. In other. cases 
(N°. 3) low values are found in all tissues, in number 6 even next 
to nothing. No rule can be discovered for the relations of the lipo- 
chrome-content of the various tissues. 

According to the data at our disposal a slight lipochrome-value 
of the blood is to be attributed first of all to the use of lipochrome- 
poor food. Since we often find low blood-pigment values by the side 
of normal or high organ-values, the conclusion must be made that 
these organs (particularly the liver and the adrenal) pertinaciously 
hold fast the pigment when lipochrome-poor food is taken. 


3. It is impossible to detect a. relationship between the nature of 
the diseases and the amount of lipochrome in the blood or in the 
tissues. The high values in the case of diabetes are accounted for 
by the peculiar diet. 


4. The rise of the pigment-content of the blood with a lipochrome- 
rich diet, and tbe fall with a pigment-poor diet, warrants the conclu- 
sion that the organism derives these pigments from the vegetable 
kingdom (directly or indireetliy through the use of aniınal food, 
which .also owes these lipochromes to the vegetable kingdom). The 
blood absorbs these pigments and deposits them in the tissues. 
We are still wholly ignorant of their fate there. It might be supposed 


'that they are accumulated by the fat, the adrenal, and the spleen, 


ad infinitum. This, however, does not seem likely, as in that case 
the lipochrome-masses in the tissues of elderly people, would amount 
to enormous values, considering the large quantities of lipochrome 
taken up every day. So far as we were enabled by our data, we 
have arranged our results according to age. The number of cases is 
too small to draw conclusions from. Still, the inference may be drawn 
that, broadiy speaking, children under 10 years of age present lower 
values than elderly people. However, we have not been able to 
ascertain, whether the values rise regularly with age and there is 
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. =|22|s- 
© PN) R P SE a os a) 
No. | 8 80 diagnosis E 5 e2 ": 52 
1 d 54 years | appendicitis, multipleabsc. intheliver. | 0.38 1:5 2.0 | 19.0 
2 Q2 8 „ | meningitis t. b. c. 0 1.1 | 13 | 10.0 
3 d |53 „| eirrhosis hepat. Laönnec. insuff. mitral. | 0.07 12 3.9 1.1 
4 d ‚51  „ | acute myeloblastic leukemia. 0.11 1.3 1.9 | 19.5 
5 d 0er endocarditis acuta. 0.12 1.2 221512,8 
6 Q 87,1% b2c pulmon. 0 0 0 3) 
7 d 52 „ |aortitis, stenosis ost. aortae, insuffi- 
cientia mitr. 0.09 13 | 24 | 28 
8 d lb peritonitis tuberculosa. 0 1.5 3.9 1.3 
9 6) ? R. 023: 7321 3A:.1,,38 
10 2 21, „ \t. b. c. pulmon. ? 1.8 ? 11.5 
11 9 ,81 „  , myodegeneratio cordis. 0.14 21 43 | 22 
12 g 61 ,„ | nephrolithiasis, spondylitis sanata. | 0.04 | X 11.6 
13 = 62 „ | insuffic. aortae, tabes dorsalis. 0.11 4 1.0 | 20 
14 ) R t. b, c. pulmon. 0124.29 1-52 ? 
15 ) 24 „ | volvulus, peritonitis. 2 3.5 47 41 
16 d' ? diabetes. 018 0.9 4.8 8.3 
17 je) 2 carcinoma ventriculi. 0.14 | 10 13.6 | 29 
18 ? ? coma diabeticum, paranephritis. ? Z 2.2 | 28 
19 d 7 t. b. c. pulmon. 7 2 ? 18 
20 d ? sepsis, nephritis parenchymatosa. ? 3 42 | 31 
21 ® 2 t. b. c. pulmon. ? 3 ? 7 
22 ? % atrophic cirrhosis ofthe liver, sepsis. | ? 3.7 8.0 | 32 
230 6. ? diabetes, nephritis. ? 3.7. : 8.3.2] 50 
24 d ? acute aleukaemic leukaemi. 
(aleukia). ? 2.6 17 3.6 1.52 
25 d ? nephritis chron., sepsis. ? 1,3 1720 1105 
26 d ? t. b. c. pulmon. ? 211 40 | 96 
27 d pneumonia crouposa. ? 10 42 34 
28 © 10 t. b. c. pulmon. ? 1.6. | 11.4 | 23 
29 = % diabetes. ? A.2 6 2.521289 
30 3 1 diabetes, ? 3 ? 14 
31 Q ? gangraena pulmonum. ? Le ae 8 
32 d 4 pleuritis tuberc., arteriosclerosis. ? ? ? 22.6 
33 d 2 t. b. c. pulmon. ? 34 | 54 | 10 
34 2 25 „ | phthisis. 0 22.5.1.7 20.6 
35 d 65 „ | tuberc. peritonei. 0 1.5 1:82 1527 
36 2 /80 „ | pneumonia crouposa. 018 6.7 X 27 
37 d DONE, Pneumonia. 0.55 5.4 ? 25 
38 d 110% lung aoscess. 0.14 22 3.0@=17 
39 9 )42 „ ) ulcus ventriculi. 0 ? 6.0 | 38 
40 x [13 „| phthisis. 0 ? 13.0 | 14.5 
41 9 54 „ | carcin. uteri. 0 2 3.0 | 175 
42 d ? (Foetus). ? ? 7 kiacel 
43 ? 74 (Foetus). 2 0 0 + 


TABLE IV. 


Lipochrome-content in 


9.7 
10 

7.5 
0,9 


+ 


1.8 
6.3 
? 

1.5 
0 

1.2 
2.3 
1.9 
3.1 
3.5 
2.2 
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4.1 
2.7 
0 


trace! 
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#5 We are consequently forced to assume that the lipochrome 
_ pigment leaves the body in one way or other, or that it is broken 
down to unknown substances. If then the pigment loses its colour 
_ or solubility in alcohol and ether, we cannot for the present follow 
its course further. Perhaps it is decomposed, and passes into a 
 eolourless modification, or it may lose its colour throngh oxidation 
(as happens under the influence of light). 
We have not succeeded as yet in demonstrating lipochrome 
_ pigments in urine or in bile. 
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Physios. — “On the resistance of fluids and vortes motion.’ By 
Prof. J. M. Burgers. (Communicated by Prof. P. EHRENFEST.) 


(Communicated at the meeting of September 25, 1920). 


$ 1. Introduction. 

Several writers have drawn the attention to the conneetion between 
the vortices, generated by a body moving in a viscous fluid, and the 
resistance the body experiences during its motion.*) The purpose of 
this paper is an effort to formulate this connection. The resistance 
couple being neglected, the investigation will: be confined to the 
resistance force. 

The following assumptions are made: The motion of the body 
may be an arbitrary one. However, the time since the beginning 
of the motion must be finite and the velocity must always have a 
finite value, while a change of the volume of the body be exeluded. 
The fluid is incompressible; it is unlimited and at great distances 
velocity and vortieity become zero according to formulae of the form 


a a : a 

a Te ; sr: De Er 
where d>0.’) The pressure approaches a constant value, for which 
zero is taken. 


!) See among others: 

O. Reynouos, Scientific Papers I, p. 184. 

F. Anısorn, Jahrb. d. Schiffbautechn. Gesellschaft 1904, 1905, 1909. 
Ta. v. Karman u. H. Rusach, Physik. Zeitschrift 18, p. 49, 1912. 


?) In connection with the character of the equations for the diffusion of vorticity 
for high values of R w will probably behave according to a formula of 
R? 
the type: exp. (- 7) See in connection with this: C. W. Osern, Acta Math. 
34, p. 222, 1911.) 


In the stationary motion of Stores — which therefore does not suffice the 


above conditions — w decreases only proportional with R—?2; in the motion 
according to the formulae of Osern and LauB w decreases as: 
sin O 
(I + KR) 7 gap t— kR (1 — oos 6) }, 


that is exponentially for 8 0; while fr 6=0:w=o. (SeeH. Lamg, Hydrodynamics 
p. 599, Cambridge 1916). 


u u a a u 
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$2. Impulse of.a vortex system. 

The impulse of a vortex system is defined as the impulse of a 
system of forces that instantaneously can generäte the given vortex 
motion in the fluid-from rest !). When the fluid is unlimited and when 
it does not contain any body, this impulse is given by the formula: 


i 4% [| für aeıx ee, 


a ER ee) 


(ge = density of the fluid; r is the radius vector of a point «, NEE 
w is the vortieity, defined by w=rotv; (Ü; is the eirculation 
round a vortex line; A; the surface .enclosed by the line, regarded 
as & vector). ”) 


$ 3. Elementary derivation of the formula for the resistance. 

Let us consider a body in an unlimited fluid; originally all be 
at rest. By forces aeting on the body it is set into motion; let us 
have for the moment :: ö 7 

f= resultant of the forces acting on the body; 

B= the impulse or momentum of the body =g’ 2V, where g’ 
ig;the density, 2 the volume and V the. velocity of the ‚centre of 
mass of the body (the body being homogeneous) ; 

—the impulse of the motion of the fluid. The time integral 
of £ must be equal to the total impulse of the system, therefore: 


t 


fasst. . U a EEE 


and PR 
dB. dl 
=—+-. (5) 
ade: 
When W is-the “fluid resistance”, we have 
BEE WERG ee KO 
f er FT 6) 
and 
| | dl 
— 7 
N=5,: m 


I) See Krıvın, Math. and Phys. Papers IV, p. 13 et seg. (1869). 

3) See H. Laus, Hydrodynamics p. 209. The formula ‘has been proved there 
for a vortex system of finite dimensions; the integral, however, remains convergent 
for an infinite'system, when only condition (1) is satisfied. 
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In order to caleulate I we substitute for the body a fluid mass 
with perfectly the same motion as the body. The impulse of this 
fluid mass is to that of the body as g to E’; the total impulse of 
the fluid becoınes therefore: 


SB +I=z02Y 41. vo 
o 


This quantity can be caleulated by nıeans of formula (3). When 
the body has a rotatory motion it must be remarked that the sub- 
stituted fluid mass will contain vortex lines which must be comprised 
in the general sum. When the motion is a pure translation, all 
vortex lines lie outside the body. We have therefore: 

eV FIeJI I 3 GR (9) 

from which follows 
03 0Kh02V. Ser 
and 


d dv 
Ww=o- (3:0) 02 ee (11) 


This formula is the connection searched between the resistance and 
the vortex motion in the fluid. 


dV 
For a uniform rectilinear motion of the body a so that (11) 
is simplified into: 


d 
„=, CA). Ne RI EN 


$ 4 Proof of formula (11). 


In the same way as above the body is replaced by a fluid mass which 
has the same motion as the body and zero pressure‘). Let the 
following forces be acting on the flüid: 


a. on the part that has been substituted for the body: the forces 
: dv 
X; which have the value a 0 per unit of volume (v is the 


veloeity of the fluid); 


b. on a thin layer that is always there where the surface of the 
body would have been: the forces Xj7, equal to the force exerted 
by an element of the surface of the body on the fluid (pressure 
and frictional forces taken together). 


Then the fluid will have just the right motion viz. the inner 


!) This means that the pressure has the same value as at infinity. 


rt 


(cr 


fluid will move with the preseribed velocity and with zero pressure; 
and the outer fluid moves in the same way and experiences the 
same pressure, as if the body were present. For the sake of 
eontinuity the forces X7; will also be treated as volume forces 
(with finite derivatives with respect to =, y, 2) acting on a very 
thin layer '). 

We now have: 


(fe ydex = [| für dydz X; + [ferne 2 + W(13) 


When on the other side we put 


BR 
= (| füravasız u ee re CE) 
dd e Ow 

==: [je Urs, 2) LE re a: (15) 


where according to the well-known formula: 


we have - 


0) 
eo —=roeX tel M)v-eow-YW)wtuAw .. (16) 


(u is the coefficient of frietion of the fluid). 

Substituting this in (15), we find by working out the integrals, 
that according to (1) (these conditions suffice for this) all terms 
vanish except that with X, so that: 


ee  laaaya X 
5 ».dy re /fj w dy dr X rt X= 
dV 
= ([fawax=027 +W- tin) 


Behr. dv 
W=ee.Z0M 02... (18) 


Therefore: 


which is in agreement with (11). 


$ 5. Remarks. 
I. Applying (15) and (16) not to an unlimited fluid, but to a 
fluid bounded by a fixed surface S, along which both w and its 


first derivatives are zero, we find 


I) This layer is not the boundary layer from the theory of PRANDTL; it must 
still be thin compared with the latter. Outside this layer no external forces act 


on the fluid. 
2) The place and therefore the radius vector r of each element dx dydz are 


regarded as fixed; then we must take the’ local differential quotient of w. 
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dJ a) vo’ 
—— f ; — dS, FE We rien) 
a jjfe wer f o(n: vn) (19) 


(» is the volume enclosed by S; n is a normal of unit length to 
dsS). The frietion has therefore no direct influence on J. 

This formula is related to that used by von Karman in the cal- 
culation of the resistance experienced by a cylinder') 

Il. In $ 3 and $ 4 the moving body. was replaced by a fluid 
mass with a system of forces X7, Xj,. The forces X; are surface 
forces about which we supposed that they might be replaced by volume 
forces. This substitution will be considered more in details for the 
case of a body with a translatory motion ; moreover we shall assume 
for the present that this motion is uniform, so that XV. 

Oo, Op; 

Along the surface v is continuous’), also Sn == 
sure p are on the contrary generally discontinuous. The normal 
component of the surface force F, is equal to the pressure p, of 
the fluid on the surface; the tangential component F, has the 


) and the pres- 


0%; : 
value: — u (& . Let us now consider two surfaces 0; and o,, the 
n 
0 


first just at the inside of the surface of the fluid that replaces the 
body, the second just outside it, so that their mutual distance 
e is small. Afterwards both surfaces must approach the surface 0, 
of the body. In this “transition layer”’ we replace p and v, by the 
continuously changing quantities p’ and »,’, so that on 0; and o, 
p’,vi’ and the derivatives of v,’ up to the third order inclusive are 
equal -to p, vı, ete. (p’ 'and the derivatives of v, are zero along 6;). 
Then the following volume forces are introduced: 


h) \ 
normal component: => 
n 
le 
tangential component: De ee 
Le) 


These forces are of the order e-1; integration over the depth of 
the layer gives: 


!) von KARMAN calculates the change of J from the change of the vortex 
system; by adding to this the surface integral he finds the resistance. 


2) See e.g. H. Laue, Hydrodynamics p. 572; O. Reynoros, Scientific Papers II, 
p. 238. 


3) vı, Ft, etc. ought to be written as vectors w= =v-— nv); this has not been 
done here. 
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Jr an — (Pl =Pu 


ov'; 0v; i 
ee us 
fr ” «( =) (a), 


which differs from F, and /, by an amount of the order e. 
‚II. Let us now suppose that during an element of time dt the 
forces / do not act. Then the motion "takes place under the in- 
fluence of the frietional and the pressure forces; diffusion and con- 
vection of vortices take place, etc. The pressure and the frietional 
forces being all finite, the velocity v will only change by an amount 
of the order dt; o, is displaced over a distance V dt and is not 
deformed. Along oi and o, v, however, will no longer have the 
value V. The impulse of the motion of the fluid will keep its value 
unaltered. | 
In order to obtain the motion that would have existed when the 
forces f had worked, the following motions have to be superposed: 
a. Outside », the distribution of the vortices is right, as in this 
region no forces are active; here we must therefore superpose 
an irrotational motion, the potential of which is defined by 
Op* | 


7 = Vz — Un (along O,) . . . . . ._ (22) 


db. Inside 6; no vortices appear as along this surface Aw’ —0. 
Therefore we must superpose here too an irrotational motion, so that 
everywhere v becomes equal to V; it is perfectly defined by the 
boundary condition for the normal component '). 

c. Between 0; and 0, a vortex layer inust be generated connecting 
these two motions. The total intensity of this layer is given by: 


\ 
(va=ıxe+ ven RT A )) 


(=1) 


The structure of the layer must be thus that the impulse is equal 
to the time integral of the resultant of the forces f: 


= af faeayası= wa lage. angel: DT 


1) Strietly speaking the vorticity both outside vu and inside co, has been influenced 
by the change of-the-distribution-in the transition layer; this amount is of the 


1 
order: exp. e 3) which has been neglected here. 
Pe: dt 


2) The intensity of the vorticity generated in {he transition layer is determined by 
rot f; to this both fn and fi will contribute. As fe has a maximum in the layer 
(along ci; and ou fi=0 or finite; in the middle of the layer / is of the order 
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IV. Accelerated or retarded motion. 

When the motion of the body is not uniform, a second system 
of forces must be exerted by the surface of the body on the fluid. 
Outside 6, these forces can only give rise to an irrotational motion 
the potential 9** of which is defined by: 

Oyp** 


n 


— 4y (along 0). ee 


and may therefore be caleulated by the methods of hydrodynamies 
for ideal fluids '). 

Within 0; all velocities increase together with JV and in the 
transition layer a vortex layer is generated of the intensity 


Ser an=a x (7 or — m ey Ar 


On. a possibly existing structure of this layer nothing can be 
said directly; the impulse must be equal to dt times the resultant 
of all extra forces that have acted on the fluid (both inside 0; and 
in the transition layer). We can partly (perhaps totally) caleulate the 
impulse from the total intensity of the layer, which is given by 
(26); this part must agree with that which may be calculated from 


el), this force will give rise to a ‘vortex double layer”: a positive and a 
negative layer with intensities of the order e-2 per unit of volume at a distance 


of the order e; so that the intensity per unit of surface F w*dn, and the im- 


pulse per unit of surface f rXw*dn are both finite. For the layer formed by fn 


this is generally not the case; this layer is simple and consists of lines eircling 
round the body. 

This may be illustrated by the consideration of a disc moving in its own plane 
while its thickness approaches zero. Then ‘the resultant of the pressure forces 
becomes zero, which must therefore also be the case with theimpulse ofthe vortex 
motion generated by fn. The resultant of'the frictional forces remains finite and is 
nearly independent of the thickness of the disc. Therefore the impulse of the 
transition layer cannot or can only parily be due to the fact that it consists of 
vortex lines surrounding the disc. It must have its impulse “in itself” viz. it must 
be a “double layer”. 


4x © 
A double layer may be represented by w= ——_ HE i 
y y presented by w Our sp ©XP Im the impulse 
+» 
has the value iR xwde=2 AV vr, independent of t. 
u) 


') See e.g. H. Lam, Hydrodynamics, Ch. V and VI. 
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the potential p** by the methods of elassical hydrodynamies !). This 
part of the impulse is received back by an equal decrease of velo- 
eity of the body °). 

Now Ill and IV may be combined: the discussion of III remains 
valid for a non uniform motion, when only we replace in (22) and 
(23) V by V + dV, ‘the velocity of the body at the end of the 
element of time di. 


$6. Summary. 

When a body in a fluid is brought into motion a vortex layer 
is generated at its surface. This layer diffuses into the fluid by the 
frietion and is carried on by the current, is “washed away”. At 
the surface new vorticity is generated, which diffuses again etc. 
The generation of each vortex layer demands a certain impulse and 
the sum of the impulses that must be produced per second, forms 
the resistance W experienced by the body. At a definite moment 
the total impulse of all vortices together is equal to the time inte- 
gral of W: | 


t 


[wa=ı9=exan-eev: 


the impulse may be caleulated from the products: 
(eireulation) . (surface) 
of the separate vortex lines. 

ı) Example: For a sphere (radiuss =«a) we have for 97 =1 the potential 
p** =Ladr-2 cos 4. From this follows for the tangential velocity of the fluid 
along the surface: — 4 sin 5, while the tangential velocity of the sphere itself is: 
+ sin 6, so that the intensity of the vortex layer is: 


— sın ©. 
2 


The impulse of this layer is: 


3 
> Gr of er 0. na? sin’ O = 2n ga’. 
0 


4; : e 
Subtracting from this the amount P2=Z ca® for the impulse of the fluid sub- 


stituted for the sphere we find the well known value: 
2n 1 
r % a? = 5 [07 2. 
(LAmB, ].c. p. 116). 
2) For a non uniform motion this “acceleration resistance” may sometimes be 
separated from the totalresistance; see G. Cook, An experimental determination 
of the inertia of a sphere, moving in a fluid, Phil. Mag. 39, p. 350, 1920. 
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Part of this impulse can be received back when the motion of 
the body is retarded; viz. the part given by classical hydrodynamies, 
for which may be put: 

(“apparent mass’). (velocity of the body). 

Of the rest a small part can be received back; the greater part, 
however, is lost. ') 

When we have to do with an ideal fluid (absolutely without 
frietion) these considerations need not be changed,. when only we 
say that the vortices always remain in an infinitely thin layer at 
the surface ofthe body. They do not diffuse and are not washed away. 
The impulse therefore is always seated in this layer and has the 
value: 

(“apparent mass”). (velocity of the body); 
this amount can be totally received back when the motion of the 
body is retarded. 

In order to obtain an “irreversible”” resistance viz. to give an 
impulse to the fluid that cannot be received back, tbe vortex motion 
must come outside this layer, there must be diffusion of the vorticity, 
be it to a low degree. 


1) O. ReynoLps mentions the following simple experiment (Scientific Papers I, 
p. 188), which may be repeated easily: a body moving in a fluid is suddenly 
stopped; when directly afterwards it is released, it proceeds still a short distance 
in its original direction. The motion in the fluid present after the stopping has 
therefore still exerted a force on the body in the direction of the motion and has 
given back impulse to the body. 


Chemistry. — “On the Action of Micro-organisms on Organic 
Compounds. 11‘). (The Solubility of some Organic Acids in 
atty Ois’). By P. E. Verkape. (Communicated by Prof. 
J. BÖRSEKEN). 


(Gommunicated at the meeting of Sept. 25, 1920). 


I. The foundations on which the Overron-MrYer lipoid-theory 
(which, as Hans Winterstein *) has so justly observed, contains two 
intimately connected parts, which are yet very clearly to be distin- 
guished, viz. the theory of the elective permeability of the cell-wall, 
and the lipoid theory of narcosis) resis appear most clearly from 
the following quotations from one of Overron’s publications ’): 

“Es fiel mir nämlich schon frühzeitig auf, dass alle solche 
Verbindungen, welche in Aether, feiten Oelen und ähnlichen 
Lösungsmitteln leicht löslich sind, resp. leichter löslich sind als 
in Wasser, denn hierauf kommt es hauptsächlich an, durch den 
lebenden Protoplast mit grösster Schnelligkeit eindringen, während 
für solche Verbindungen, welche zwar in Wasser leicht, in Aethyl- 
aether oder fettem Oel gar nicht oder nur sehr wenig löslich sind, 
der Protoplast nicht merklich oder nur äusserst langsam durch- 
lässig ist.” 

And a little further: 

“Bei der weiteren Verfolgung des Gegenstandes zeigte es sich, 
dass, wenn man von einer relativ langsam eindringenden Verbin- 
dung ausgehend, solche Substitutionen an dem Molekül vornimmt, 
dass die Löslichkeit in Aether, fettem Oel ete. zunimmt, die- 
jenige in Wasser aber abnimmt, zugleich die Schnelligkeit des 

-- Durehtritts durch den lebenden Protoplast erhöht wird.” 

As fatty oil olive oil was exclusively used — at least as far as 
could be ascertained ‘from the literature — probably because .this 
oil is available in very good quality. 

!) First communication: VERKADE and SÖHNGEN: Verslagen Kon. Akad. v. Weten- 
schappen 28, 359 (1919); Centralbl. f. Bakteriologie (2) 50, 81 (1920). 


2) Die Narkose (Berlin 1919). 
3) Vierteljahresschr. d. naturf. Gesellsch. Zürich 44. 88 (1899). 


784 


OvErton !) tries to explain these facts by assuming: 

“dass die Grenzschichten des Protoplasts von einer Substanz 
imprägniert sind, deren Lösungsvermögen für verschiedene Verbin- 
dungen mit denjenigen eines fetten Oeles nahe übereinstimmt....” 

The permeability of the cell-wall to some compound resp. the 
narcotie action of this compound on the cell, would now be deter- 
mined by the distribution coeflicient “plasma skin fatty substance” 
— water of this compound; as this distribution coefficient cannot 
be determined ’) by the experiment (at any rate not with any degree 
of certainty) (see below), the distribution coefficient olive ou-water 
is used in its stead, in which it is then assumed that there exists 
a perfect parallelism — not to say proportionality — between these 
two distribution coeffieients for different substances. 

Also Hans H. Merver ’), who at the same time came to a similar 
theory of narcosis quite independently of OvErTon, based his con- 
siderations on the distribution coefficient olive oil-water of the 
examined compounds. 


2. We have now determined the solubility for three organie acids 
(benzoie acid, salicylie acid and cinnamie acid) at 25°.0 C. in a 
number of very carefully refined fatty oils. The results of these 


determinations — a fuller discussion of which will appear in the 
Centralbl. f. Bakteriologie — are recorded in the subjoined table: 
TABLE 1. 


Solubility in grams per 100 grams of oil. 


Olive oil. ; |Cotton-seed oil. Arachis oil Il. Arachis oil Il. 
KT 
cinnamic acid 1.29 1.44 1.62 1.42 
salicylic acid 2.43 2.55 2.82 2.39 
benzoic acid 3.96 734,22 4.78 3.98 
eu en in un Wr Du el I ER EEE ER 

Cocoanut oil. Linseed oil. Ricinus oil. 
u ns a fr 2 mem ml EVER 
cinnamic acid 1.77 1.66 1:52 
salicylic acid 3.18 3.42 14.81 
.benzoic acid 4.98 4.27 14.70 
| 4 
1) ıbid. 


”) Vgl. Overron: Studien über die Narkose (Jena 1901) pag. 54, 69. 


3) Archiv. f. exper. Patlıol. und Pharmacoloei 42, 10 3 
— Baum: ibid. 42, 119 (1899). — 9 (1899); 46, 338 (1901) 
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These data give occasion for a number of remarks and conelusions. 
a. In the first place it must strike us that the dissolving power 
of two samples of pure arachis oil!) with regard to these acids 
appeared to be so very divergent. The difference amounts to: 
for einnamie acid #14 °/, 
for salieylie aid +18 „ } in the same direction ?). 
for benzoie aid +20 „, 

The same thing appears on comparison of some of our data with 
those publisbed by Warkrman°), though it should at once be stated 
that the latter determined the solubility by another and less accurate 
method than we. He found for the solubility in olive oil at 25°: 
of salieylie acid 2,59 gr. per 100 gr. of oil (hence 6.6 °/, more than 
we), of benzoic acid 4.33 gr. per 100 gr. of oil (hence 9.9 °/, more 
than we). 

It follows irrefutably from this that the solubility of some acıd in 
a definite oil is by no means a constant, but that it varies with the 
inevitable oscillations in the constitution of this fatty oil. Undoubtedly 
this may be proved also for other substances than organic acids; 
we have only chosen these, because they can easily and accurately 
be determined by a titrimetrie metlıod. 

b. Of the six examined oils olive oil, cottonseed oil, arachisoil, 
and cocoanut oil agree with regard to tbeir chemical constitution 
in so far that they all chiefly consist of glycerides of different acids 
of the fatty acid series, and of those of oleic acid and of linoleic acid. The 
differences consist chiefly in the different ratios in which these acids 
are present in the glycerides; (hus cocoanut oil contains e.g. much 
trilaurine and trimyristine, on the other hand but little of glycerides 
of the unsaturated acids (the iodine number is accordingly very low); 
olive oil contains on the contrary very considerable quantities of 
these latter substances (in consequence of which the iodine-number 
is much greater) etc. 

As appears from table 1 we meet with a very different dıssolving 
power with vegard to the examined acids also in these closely allied 
oils. The difference between the highest and the lowest of the found 
solubilities is: 

by einnamic acid # 37°), 
by salieylie acid + 33 °/, 
by benzoie acid + 26°), 


I) Of. the extensive discussion in the Centralbl. f. Bakteriologie. 
3) Here and henceforth the meaning is: %/, of the lowest amount. 
8) Proefschrift Delft (1913) p. 79 et seq.; Centralbl. f. Bakteriologie 42, 639 


(1914) etc. 
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In table II are recorded the ratios of the solubilities of the three 
examined acids in each of these fatty oils, in which the solubility 
of einnamie acid is always put —1. As clearly appears from these 
values, there is no question of a proportionality of the solubilities 
(of the coefficients of distribution fatty oil-water); the oseillations 


TABLE Il. 


Olive oil, Cotton-seed oil.\Arachis oil 1.|Arachis oil Il..Cocoanut oil. 


| 
cinnamic acid ] | 1 1 1 
salicylic acid 1.88 Te 1.74 1.68 1.80 
benzoic acid | 3.07 2.93 2.95 2.80 2.81 


are even .so considerable that the parallelism between tlıe solubilities 
of the acids (hence also between the coeffieients of distribution 
fatty oil-water) in the different oils becomes questionable. 

c. When we now consider linseed oil'), which has an entirely 
different constitution, as it consists for the greater part of glycerides 
of linoleic acid and isolinoleie acid, we see the ratios of solubility 
modified so radically and unaccountably that there is not even any 
question any longer of parallelism of the solubilities of our acids 
(or of the coefficients of distribution fatty oil-water). While e.g. 


TABLE IIl. 
Ratio of solubility. 
Linseed oil. Ricinus oil. 
cinnamic acid 1 1 
salicylic acid 2.07 1.97 
benzoic acid 1.95 


einnamic acid and benzoic acid are less soluble in linseed oil than 
in cocoanut oil, the solubility of salicylie acid is on the contrary 
greatest in the first oil. 

d. These facts make themselves felt much more strongly even in 
rieinus oil, consisting chiefly of glycerides of “rieinoleie acid” 
C,‚H,,O,. This oil, indeed, oceupies a place of its own: it is mis- 


ı) It may be remarked here that such a strongly drying oil can of course 


present no resemblance at all with any lipoids of the cell-wall. We examined 
also this oil, however, as it represents quite a type apart. 
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eible in all proportions with alcohol, and very sparingly soluble in 
petroleum ether. The solubility of all three aeids in this oil is consi- 
derably greater than that in any other of the examined oils (see 
Table ]); it is particularly striking ihat the solubility of salieylic acid 
in this oil still slightly ewceeds that of benzoic acid''). 

Let us now determine the coeffieients of distribution of the three 
acids between olive oil, resp. rieinus oil and water by the aid of 
the following solubilities of the acids in water: 

cinnamic acid 0.0546 gr. per 100 gr. water ’) 
salicylice acid 0.223 , N a 
benzoie acid 0.34 r Bells. Isar) 

Then we find: 

TABLE IV. 


D.C» — Er substance in 100 gr. of oil 
sr gr. substance in 100 gr. of water 
Olive oil. Ricinus oil. 
einnamic acid 23.6 138 
salicylic acid 10.9 66.4 
benzoic acid 11.6 43.2 


According to ÖOverton benzoie acid would, therefore penetrate 
somewhat more easily into the living cell than salieylie acid, and 
will therefore also act somewhat more strongly narcotically. If on 
the other hand we had assumed the solubility of the acids in rıcınus 
oil as basis of our considerations, we should have arrived at the 
opposite conclusion that the plasma wall is considerably more perme- 
able to salieylie acid than to benzoic acid, and that therefore the 
former acid would be the strongest narcotic, resp. disinfectant. 

On comparison of the coefficients of distribution of the three acids 
between the other oils on one side and water on the other side, we 
come to analogous contradietions. We shall not enter into a discus- 
sion of these data here, as they do not open new points of view. 


3. From this numerical material the following important conelu- 
sion may be drawn: 


ı) This is the more remarkable as rieinus oil consists of glycerides of oxy-acids, 
and salicylic acid is an oxybenzene carbonic acid. The well-known rule of solubility 
holds, therefore, here again. 

2) Jul. Meyer: 7. f. Elektrochemie 17, 978 (1911). 

3) This value is a mean of the most probable data, recorded in LAnDoLT— 
BöRNSTEIN —RoTH tables. 

N 51 

Proceedings Royal Acad. Amsterdam. Vol XXIII. 


788 


Though we admit the validity of Overron’s conception concerning 
the elective permeability of the cell-wall, and the narcotie action of 
all kinds of compounds on the cell as a consequence of the presence 
of a “plasma skin-fatty substance”, conclusions about the behaviour 
of certain compounds towards the cell can be drawn from the value of 
the coefficient of distribution olive oil-water only if this “plasma-skin- 
fatty substance” is in exceedingly close relation with olive oil. 

About this “plasma skin-fatty substance’”’ we know next to nothing, 
but it may be said with almost absolute certainty that — if it exists 

the chemical eonstitution will be entirely different from that of 
olive oil. But then determinations of the coefficient of distribution 
olive oil-water are worthless for a decision of permeability problems. 
This also appears already from the literature. Already on a cursory 
examination of the values published by Overtox ') and Baum’), it 
is seen that the coeffieient of distribution olive oil-water, and the 
strength of the narcotie action, indeed, in general vary in the same 
direction, but that mostly there is no question at all of a propor- 
tionality or even of an approximate agreement in the order of magni- 
tude. Besides we have been able to demonstrate in our first commu- 
nication that the coefficient of distribution olive oil-water can by 
no means serve to account for the assimilability or non-assimilability 
of unsaturated organic acids by moulds. 

Now the reason of this is clear: the solubility of a substance in 
olive oil is entirely independent, is by no means in any connection 
with the solubility in any other fatty oil. 


4. Ovsrton®) has expressed the following opinion about the 
structure of the “plasma skin-fatty substance”: 

“Nach vielem Nachdenken neige ich immer mehr zu der Ver- 
mutung, dass das Cholesterin‘) oder eine Cholesterinartige Ver- 
bindung (etwa eine Cholesterinester), resp. ein Gemisch solcher 
Verbindungen die imprägnierenden Substanzen sein dürften. Es 
wäre übrigens sehr wohl denkbar, dass Leeithin und in gewissen 
Fällen fettes Oel ebenfalls beteiligt sind, indem das Cholesterin 
demselben etwelchen Schutz vor der Verseifung gewähren dürfte”. 

It need no argument that if really the plasma skin was soaked 
with such a cholesterine-leeithine mixture (called “lipoid” by Ovkrton), 
hence with substances absolutely different in chemical eonstitution 
from fatty oils, the coefficient of distribution olive oil-water would 

') Gf. Studien über die Narkose (Jena 1901) pag. 100 et seq. 

2) loc. cit. 


3) Vierteljahresschr. d. naturf. Gesellsch. Zürich 44, 88 (1899). 
4) Also phytosterin etc. are, of. course, included in this. 
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not constitute any criterion for the behaviour of some compound or 
other towards the living cell, because this coefficient of distribution 
need not have any relation to that of the same compound between 
this “lipoid” and water. The more so, where also the physical 
properties of fatty oils and: “lipoids” are wide apart; the latter are 
e.g. Iyopbile .colloids, swell with water (with the exception of 
cholesterine, ete., which for this reason is considered by Torwe !) 
to belong to a separate class of “semi-lipoids”), and give accordingly 
rise to entirely different circumstances. OVERToN ?) has also felt this 
diffieulty, and has already adduced arguments for it himself (which 
are, however, still open to critieism and have in fact already been 
called in question); though the commercial salts of basie aniline 
dyestuffs are almost or entirely insoluble in olive oil, they easily 
dissolve in molten cholesterine or in cholesterine dissolved in oil, 
and also in leeithine °). I have been able to confirm this once more 
myself for a number of dyestuffs. 


5. There would not have been any reason for this eritieism of 
the lipoid theory — for it has been opposed by numerous investi- 
gators, and may be considered as pretty well refuted —, if not of 
late WAaTERMmAN *) had again explieitliy expressed the parallelism 
between the coeffieients of distribution lipoid components-water and 
olive oil-water, and had tried by comparison of the last-mentioned 
coefficients of distribution to give an explanation of the greater or 
less facility with which these compounds are assimilated by Peniei- 
lium glaucum. From what we have communicated above it may 
appear that the good results which WATERMAN is said to have 
obtained in this attempt, should be ascribed to accidental eircum- 
stances, and that in any case no general significance may be assigned 
to them. This is also confirmed by our researches') on the assimi- 
lation of unsaturated acids by Penicillium glaucum and Aspergillus 
niger contained in our first communication; even on the assumption 
that the lipoid solubility of these acids is comparable to that in 
olive oil, an explanation of the behaviour of these substances with 
regard to moulds is by no means possible. 

Laboratory of the Duich Commercial Unwersity. 

Rotierdam, August 19. 1920. 

!) Biochem. Zeitschr. 42, 217 (1912). 

3) Jahrb. f. wissensch. Botanik 34, 669 (1900). alle 

3) Losw& (loc. cit.) has later carefully studied the behaviour of ‘“lipoids” and 
“semilipoids” with regard to dyestuffs (methylene blue) and derived forcible 
arguments against the OvERTON-MryER theory from his results. 

4) Proefschrift Delft (1913); Centralbl. f. Bakteriologie 42, 639 (1914) etc. 

5) VERKADE and SÖNHgEN; loc. cit. 
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Physics. — “Measurements on Ihe Intensity of Spectrum Lines by 
the Aid of ‚the Echelon’. By Dr. H. C. Burcer and P. H. 
VAN CITTERT. (Communicated by Prof. W. H. Juuivs). 


(Communicated at the meeting of September 25, 1920.) 


1. Introduction. When determining the intensities of spectrum 
lines, one is confronted by the following complication : what is directly 
observed is the relation of the intensities of the lines wbich exists 
at the place where the examined spectrum is formed by the spectrum 
apparatus used. In general, however, this relation is not the same 
as the ‘relation of the intensities of the lines in the light emitted 
by the examined source of light. In the echelon this is even far 
from being the case for very small differences of wave-length. 

When the intensity of the light that traverses the echelon in the 
direction of the optical axis, is /,, the intensity of the light 
leaving at an exit angle « with the axis is theoretically ') given by: 


A) 


(= wave-length, o = width of a step). 

The differences in direction of exit may have been caused both 
by a difference in wave-length and by a difference in position of 
the echelon, provided the echelon is placed about parallel to the 
optical axis. In fig. 1 the relation between intensity and position (i.e. 
angle «) of a spectrum line isgraphically represented. At an angle of: 

2 


he 


the intensity becomes zero, and assumes only small values outside 
this interval. The distance between two orders also amounts to 


ee that at tbe utmost two orders of one line in the central 


part of the curve (fig. 1) can be observed with pretty great intensity. 
As appears directly from the figure, it may happen that the intenser 


!) Ene. d. Math. Wiss., Band Physik V, 21, 389. 
Bary-WachsmutH, Spektroskopie, 1908, 137. 
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of two lines seems the weaker, when it is in the neighbourhood 
of the minimum of the curve of intensity. These eircumstances 


Fig. 1. 


should be taken into account in determinations of the intensity with 
the echelon. This has not been done‘) in former measuremenis?). 
The error caused by this, cannot be redressed by a small correction, 
but causes the relations of intensity found to be perfectly different 
from those that are present in incident light. 

The great importance of the function represented by (1) and fig. 1 
led us to test the theory by experiment before applying it to 
our measurements. For this purpose the intensities of the different 
orders of a spectrum line were measured (cf. fig. 1, spectrum line 
in four orders A, B, C, and D with intensities Aa, Bb, Ce, and Dad). 
Then the whole system of lines was slightly displaced by a small 
rotation of the echelon round an axis parallel to the effective sides, 
so that the lines assumed another position A’, B’, C’, D’, and the 
intensities A’a’, B’b’, (’c’, D’d’ were determined anew. When these 
measurements are repeated for some positions of the echelon, and 
when besides the position of every line with respect to a definite point 


I) The considered distribution of intensity has also influence on the observed 
position of the spectrum line when the centre of gravity or the maximum of inten- 
siiy observed with the spectrum apparatus is understood by this. For a line within 


A 
the interval «9 = — will be more greatly weakened on the outer side than on the 
0 


inner side, hence it will seem to be displaced towards the inside. A system of lines 
will, therefore, be compressed. The great divergency of the values, which different 
observers have found for the Jdistances of the satellites of the green mercury line 
(ef. Nacaorı and Taranınz, loc. cit.) is probably for the greater part owing to this. 

2) NaGaoka and TakAnmınz, Proc. of the Phys. Soc. of Londen 25, I, 1912. 
Tökyö Sügaku-Buturigakkwai Kizi, 2e Serie, 7, I. 
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in the image plane is determined, the theory can be tested. As it 
appeared in preliminary observations that the temperature had 
influence on the position and the distribution of intensity '), care 
was taken that the surroundings of the echelon remained at constant 
temperature during the measurements. The measurements have been 
carried out with regard to three components of the green mercury 
line (2 = 546,1 uu). 


2. The determination of the intensity. The intensity was determined 
by a photographie method. The method used, the description of 
which follows here, is analogous to that which Miss R. Rıwnın °) 
applied for the determination of the absorption. 

In order to prevent complications in consequence of difference in 
time of exposure, kind of plate, development etc., all the spectra 
belonging together were photographed on one plate with the same 
time of exposure®). The blackening of the plate then depends 
exclusively on the intensity of the inceident light. When the functional 
relation between blackening and intensity (curve of blackening) is 
known, the second quantity can be found from the first. As the 
components of the system of lines examined by us have only a very 
small difference in wave-length, a curve of blackening need be 
constructed only for one wave-length. 

To find this curve tbe following course was taken. The spectrum 
of the green mercury line was photographed with a definite position 
of the echelon. Then different light-reducers ‘), which weaken the 
light of the green mercury line in known ratio, were successively 
placed before the slit of the collimator, and with the same position 
of the echelon the spectrum was repeatedly photographed. 

To gauge the light-reducer, the light of the mercury lamp (Wes- 
TINGHOUSE ÜooPEr-Hewitt, 220 V., 3.5 A) is concentrated by con- 
densers on a surface thermopile of Mor, which was connected with 
a galvanometer of Moır. Filters ensured that only the light of the 
wave-length 546,1 uu fell on the thermopile. The reducers were 
placed immediately before the thermopile. The ratio in which the 
light’ is weakened is found by division of the deviation of the gal- 


!) Phys. Zeitschr.,. 21, 16, 1920. 

2) These Proc. Vol. 28, p. 807. 

®) Pacer, Orthochromatic, Extra Special Rapid plates were used. The development 
took place for about 10 minutes with a glycin developer. 

* For redueing the light solutions of chromealum were used in different concen- 
trations in airtight vessels. To prevent turbidity a litlle sublimate was added. The 


vessels were gauged anew a few times with an interval of some weeks. No change 
could be perceived in the absorption. 
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vanometer with reducer before the thermopile, by that without 
reducer. By placing a concave lens before the reducers it was possible 
to modify the convergence of the beam of light. It appeared to have 
no influence within wide limits. 

Five reducers were used,. which transmitted resp. 68.0, 46.8, 32,5, 
21,3 and 14.7 °/, of the incident light. 

The blackenings were determined with Mor1’s mierophotometer '). 
In the registered curves belonging to the unweakened system of 
lines and to the weakened system of lines obtained in the way 
described above, the maximum of one of the lines, e.g. of the 
intensest of the system, was found. The blackening of this point 
was plotted for the different spectra with respect to the intensity, 


'— _ blackening. 


147 21,3 372.5 768 CK) 100 . 
_ log I 
Fig. 2. 


in which, as is usual, the abseissa was taken proportional not to the 
intensity ? itself, but to log ı. This gave the curve AB (fig. 2), in 
which the intensity of the considered line in the unweakened spectrum 
is put arbitrarily at 100, so that the intensities of the other five 
points have the values mentioned above. 

If for another (fainter) line we put the intensity in the unweakened 
spectrum again at 100, we get for this line the curve CD. The 


1) Verslag Kon. Akad. 27, 566, 1919. 
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intensity of the unweakened line, is, however, not 100, but smaller, 
and the diminished intensities are all of them smaller in the same 
ratio. Accordingly each of the points of CD must be displaced to 
points where the intensity is smaller in a definite ratio, the value 
of the blackening being retained. As the abscissa represents log ı, 
this means a shifting of the points of ÜUD of the same amount 
towards the left. The amount of this shifting is not known a priori, 
but must be chosen so that after the displacement to (’D’ the 
points of CD lie as much as possible between those of AB. This 
process may be repeated for still fainter lines, and in this way a 
curve of blackening may be constructed ranging from the smallest 
to the greatest of the oecurring intensities, and of which many points 
are fixed, though only six spectra with known ratios of intensities 
have been reproduced. 

By the aid of this curve of blackening the intensity at any point 
of another spectrum reproduced on the same plate, may be found. 


3. Determination of position. To determine the position a speetrum 
of comparison has been placed under every spectrum, except under 
that which served for the determination of the curve of blackening. 
These comparison-spectra were photographed at the same position 
of the echelon, so that a definite line of these spectra indicates a 
definite position ') in the image plane of the echelon. 

The position of a definite line was measured by the determination 
of the distance from this line to a definite line of the comparison 
spectrum with a Zeiss comparator. It is suffiecient to measure this 
distance for one line of the spectrum with the comparator, and 
determine the position of the other lines from their ınutual distance. 
This is found from the registered curves of the spectra, when once 
the ratio has been determined of the distances of two correspond- 
ing points on the photographie plate and on the registering paper. 
This ratio is a characteristic constant of the micro-photometer. The 
order of magnitude of the error in the localisation was 0.5 u Gl 
the distance of two orders, which amounted to 2 mm. 


4. Results. No exact agreement can be expected on comparison 
of formula (1) with the observations. When the light traverses the 
echelon obliquely, this formula only holds in first approximation. 
In this case « represents the angle of the light with the optical 


h By position and intensity of a line here and elsewhere the position and intensity 
of the maximum blackened part of the line should be understood. The error 
mentioned on p. 791, therefore, plays a part. nt | 
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axis of collimator and eye-piece. That (1) does not represent the 
intensities accurately follows among others already from the fact 


ee 
that the distance of two orders does not amount te, ==, ii. e. is 
0 


not independent of_the position of the echelon. This distance changes 
very appreciably on rotation of the echelon; it increases as the 
echelon moves further from the position, at which the light is 
parallel to the steps. The difference between the greatest and the 
smallest distance of the orders amounted to about 10°), of this 
distance. We have, however, not occupied ourselves more closely 
with these partieularities, but confined ourselves to expressing all the 
distances as fraction of the distance of the orders in the spectrum 
in question. 

The measurements have been carried out with regard to three 
components of the green mercury line, namely on the so-called 
prineipal line and two satellites (82 = — 0,0242 uu and = =0,0078uu, 
Nas. and Tar. loc.eit.). In its different orders and with tbe different 
positions of the echelon each of these lines gives a series of points 
of a eurve which indicates the relation of intensity and position. The 
three eurves obtained in this way have been reduced to one and 
the same value of the maximum intensity, which is reached when 
the line is in the centre of the image plane.') Fig. 3 gives the 
observed point, in which . refers to the principal line, O and X 
resp. to the stronger and the weaker satellite. The uninterrupted 
curve represents the theoretical distribution of intensity. 


2 ü () 


Fig. 3. 
The agreement is sufficient in the neighbourhood of the maximum. 


1) The observations show that really every line has its maximum at the same 
point of the image plane. 
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Also the height of the weaker maxima on both sides is in harmony 
witli the theory, when it is taken into consideration that the accuracy 
is not so great at these small intensities. A considerable deviation 
is observed in the neighbourhood of the position where the intensity 
becomes zero. Here the observed intensity is much greater than 
theory led us to expect.!) As the three lines examined have a very 
different intensity and yet present the same deviation from the 
theoretical curve, this deviation cannot be attributed (o a systematie 
error in the determinations of the intensity. It is. quite possible 
that the approximations in the theory mentioned before give rise, 
at least partially, to the lack of agreement between experiment and 
theory. When we confine ourselves, however, to the central part of 
the curve, the agreement is sufficient. For the derivation of the true 
intensilies from the distribution of intensity in a line-spectrum ob- 
served by means of an echelon it will, therefore, be desirable 
that the lines to be compared lie in the central part of the image 
of diffraetion. 
Institute for Theoretical Physics. Physical Laboratory. 
Utrecht, Sept. 1920. 


!) It is, however, also possible that the width of the real distribution of intensity 
is greater than that which follows from the distance of the orders. For the position 
where the intensity becomes zero, lies further from the centre than follows from 
the theory. 


Mathematics. — “ Degenerations in Linear Systems of Plane Cubics”. 
By Prof. K.W. Rursers. (Communicated by Prof. Jan DE VRrIEs). 


(Communicated at the meeting of November 30, 1918). 


1. The number of curves with two double points in a net of 

plane curves is given by the formula: 

ı [ID +0 +4p-1) — 3 D-5— 78 p+3], ') 
where D represents the number of free points of intersecetion of two 
elements of the net, o the number of base points, p the genus of 
the curves. 

For a net of plane cubies this is therefore the number of degene- 
rations into a conic and a straight line; in a net without base points 
the formula gives a number of 21; each single base point reduces 
the number given by the formula by one. 

If there are single base points the question can be raised in how 
many degenerations (he straight line passes through two, through 
one, or through none of the base points. If we take one of the base 
points as an angular point (@,=0, x«,=0) of a triangle of coordi- 
nates and if we make the condition that the straight line x, = ma, 
must be a part of a cubie of the net, it is easily seen that 6 values 
are found for m, that therefore there generally pass through a single 
base point 6 straight lines, parts of degenerations. From this follows 
the solution of the problem in question. 

Another solution is found in the following way. The net is defined 
by a curve c, and a pencil to which c, does not belong. If D is 
the number of free points of intersection of two curves of the net, 
c, must pass through 9—D base points A; of the peneil. The latter 
cuts c, in an involution y of order D. Now the following is clear: 

a. The number of degenerations into a straight line A; A, and a 
corresponding conie is 4 (9—D) (8—-D). 

b. A straight line through one of the base points can forn a 
degeneration with a conie through the remaining 8—D. Thesystem 


1) CaPorauı, „Sopra i sistemi lineari triplamente infiniti di curve algebriche 
piane”, Collectanea mathematica in memoriam Chelini, p- 182. The leiter N 
stands there instead of D. 
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of eonies through 8—D points cuts c, in an algebraical sequence 
of points yo (order — D—2, dimension = D—3). Whenever a 
group of these is contained in a group of y, a degeneration appears 
in the net. The number of times this happens is found from the 


formula 
— % 
= m(" )-3@(” )» 
r | 


where n indicates the order, r the dimension of g, m the order, 
v the index of y, d the number of double points (here d==2D)7, 

In this case we find accordingly z= D—2, in other words 
through each base point pass D—2 straight lines, parts of degene- 
rations. In all (9—D) (D—2). 

c. A straight line through none of the base points is completed 
by a conie through 9—D base points. The system of conics defined 
by these points cuts c, in a ler By the aid-of the same formulae 
we have z=} (D-2)(D--3), which represents the number of 
degenerations where the straight component does not pass through 
any of the base points. 

The total number of degenerations is accordingly ’) 

4 (9—D) (8—D) + 9— D)(D—2) + 4 (D-2)(D-3) — 21. 


2. From the preceding follows that in a net of cubies with 6 
base points A,....,A4, through each base point there passes one 
straight line which is completed to a degeneration by a conie through 
the other 5. It is known that these 6 straight lines pass through 
one point ? when A,)....,A, lie on a conie c,. Besides (he degene- 
rations PA; +c, are in this case contained in the same peneil of 
the net. All the nets chosen from the complex (threefold infinite 
linear system) of cubics defined by A,...., 4, have this property, 
hence also the net with the base points P,A,,...., A,. The existence 
of the fundamental curve c, causes this property. 

We shall now investigate whether this singularity can also appear 
in nets where there is no fundamental conie. 

Let A,,....4, be the base points of a complex S, and let us 
choose a point P so that the net of curves S, defined by P, has 


) R. Toreıu, „Sulle serie algebriche di gruppi di punti appartenenti a una 
curva algebrica”, Atti del Reale Instituto Veneto, t. 672, p. 1323, (1908). 

2) C. SesRE, „Introduzione alla geometria sopra un ente algebrico semplice- 
mente infinito”; Annali di Matematica, Ser. Il, t. XXII, p. 41.- 

3) That the number of degenerations amounts to 21, independently of the 
number of single base points, follows also from the considerations in the paper 
“On Nets of Algebraic Plane Curves” (Jan De Vrıss, these Proceedirigs VII (2), p. 716. 
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the above mentioned property; then it is easily seen that every 
time (besides the point P) two of the 9 base points of the peneil 
containing the degenerations, must lie on the straight lines "22 DIOR 22. ER 

For arbitrary situations of A,,..., 4,p is therefore at most equal 
to 4; for p—=5_P must.lie on one of the joins 4A; Ay. If for 
p=4 A,...,A, are th& base points of S,, B,,..., B, the other base 
points of the peneil, Iying on the straight lines PA,, a straight line 
PA, must be completed by a conie through A; 4A, An B; Bi Bun 
(„um k); the polar straight lines of P relative to these four 
conies coinecide in a straight line Z/ and all the non degenerate 
eubics of the peneil are cut by PA,,..., PA, in points Iying har- 
monically with respect to P and /, in other words all the cubies of 
the pencil have P as an inflewional point and have a common har- 
montcal polar line I. ‘) 


3. We shall now investigate the case p—=5 more closely. With 
a view to this we shall start from the system S, with 6 base 
points P, A,,...,4A,, wbere P, A, and A, lie on the same straight 
line. Now it will be possible that 5, Me nets without other 
base points, so that the degenerations formed by PA,, PA, and PA, 
together with completing conies belong to one pencil. The situation 
of the other base points D,, B,, B, on the straight lines PA,, PA,, 
PA, can be determined. 

For the system S, represents a cubie surface ® with a double 
point O0; PA, PA, and PA, correspond to 3 straight lines p,,P, 
p, of ®, which do not pass through O; a.net out of S, without other 
base points corresponds to the plane intersections of ®, with planes 
of a sheaf the vertex Q of which does not lie on @,; the peneil 
to which the degenerations PA,, PA,, PA, belong, is the image of 
the interseetions with a peneil of planes in (Q), which must also 
contain the planes (Qp,), (Qp,) and (Qp,): The axis of this peneil 
of planes must therefore cut 9,,P,P,, in other words, Q lies on 
the quadratie scroll R, having p,, pP, pP, a8 directrices. 

Generatrices of AR, are among others the straight line p of ®&, 
represented by the point P in the plane, and the straight line q 
corresponding to the conie er through Ayla. Ar. 

If we project all the generatrices of AR, out of O, there appears 


1) S, Kantor, „Ueber gewisse Curvenbüschel dritter und vierter Ordnung”, 
Sitz. ber. Akad. d. Wiss. in Wien, Bd. LXXIX (1879). See also H. J. van Veen, 
„Eigenschappen van bundels van vlakke kubische krommen bi algemeene en bü 
byzondere ligging der BESSE DARIN ‚ Nieuw Archief voor Wiskunde, 2e reeks, dl. 
XI, 1918, p. 279. 
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a pencil of planes having the directrix through O as axis; all the 
curves of intersection of ®, with the planes of this pencil pass 
therefore through the same point S’ of ®,. These intersections 
eorrespond in S, to conies through A,, A, A, and the point ‚5 cor- 
responding to ‚S’, which point ‚S lies on c, because ‚S’ is a point of q. 

The points B,, B,B, are accordingly the intersections of the 
straight lines PA,, PA,, PA, with a conic of the pencil through 
8, 4,4, 4; 

In order to determine the point S, we remark that the directriees 
of R, eut the generatrices p and qg in projective point ranges; three 
pairs of corresponding points are the intersections of p and g with 
P Pu Ps The direetrix through O0 and with it the point 5’ are 
therefore found by determining the point of g corresponding to O. 
“In the image of ®, the directions round / are therefore projec- 
tively conjugated to the points of c, and that in such a way that 
both the points of intersection B',, B',, B', of these straight lines with 
c, correspond to the direetions PA, PA,, PA,. If we project the 
latter points out of A,, there appear round / and A, two perspec- 
tive pencils of rays of which the axis of perspectivity is found as 
the join of B’, and B’,. If this cuts A, A, in S" the second point of 
interseetion of A,S" and c, is the required point S. 

Any point P of 4,4, defines out of the fourfold infinite linear 
system S, through A,,..., A, an S, in which one point S has been 
constructed; to each point P of A, A, belongs therefore one point 
S, or one point S". 

Let us now try to find the number of points / belonging to one 
point S or 5". When P varies, 3’, and B’, deseribe an involution 
on c,; tlıe envelope of B’,B’, is a conie k, touching c, in the points 
A, and A,'). Out of 5” we can draw two tangents to this conie, 
which define two pairs of points on c,, hence two points P, and 
P, on A,A,. The relation between P and S is therefore a (2,1) 
correspondence. 

Now it is known from $ 2 that the curves of the pencil contain- 
ing the degenerations PA, PA, PA, have all a point of inflexion 
in P and also a common harmonical polar line for the pole P. 
The harmonical polar lines of all such penecils out of S, must pass 
through the 4'" harmonical point P’ to P with respect to A, and 
A,; also the polar straight lines of P relative to each of the conies 
of the peneil (S, A,, A, A,) must pass through P’; P and P’ are 


, 1) Ss STURM, "Die Lehre von den geometrischen Verwandschaften” 3ter Band, 
. 138. . 
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the double points of the involution eut by this penecil into A, A, 
Also the degenerations in this pencil, as the pair of straight lines 
A,4,+ SA, cut a, in a pair of points of this involution, in other 
words also these points lie harmonically with respect to P and P'. 
The point 5", the intersection of A, A, and A, S, can therefore be 
found by determining tbe fourth harmonical point to P,, (A, A, A, A,) 
and P’. In this construction it is easily seen that if by means of 
P’ we had determined an S, out of S,, the same point ‚S", hence 
the same point S, would have been found. 


The two points P, and P, corresponding to the same points Sof, 
die therefore always harmonically with respect to.A, and A,. 

Each conie of the pencil (A,, A, A, S) defines on the straight lines 
P,4,P,4„P,A, three points and also on the straight lines P,A,, 
P,A,P,4, three points, which form together with A,,....,4, P 
nine base points of a pencil in which appear Ihe degenerations P,A,,P,4,, 
‚PA, resp. P,A,, P,A, P,4,, with completing conics and where all 
non degenerate curves have a point of inflexion in P, resp. P.,. 

4. Out of a complex S,' with 5 base points A,,....,A, & point 
P of A,A, defines a net S, contained in the complex S,° with 
base points A,....A,„P. If in S, there is to be a peneil with 
the above mentioned properties, the failing three base points B,,B,B, 
must be cut into PA,, PA, PA, by a conie of the penecil (5, A,, A, A,), 
where S is the point of theconie c, through A,,...., A, belonging 
a, 

By S,' a biquadratie surface ®, with a double conic is represented '), 
where the cubies correspond to plane sections of ®,. The straight 
line A,A, is the image of one of the 16 straight lines of the surface; 
the plane sections through this straight line p,, eorrespond to conics 
through A,,A,4A, and a fourth fixed point Q. This proves that 
the conie through S, A,, A, A, must also pass through Q and we 
must try to find the conie cutting PA, PA, and PA, in the points 
B,B,B, among the conies of the peneil with Q, 4, A,4, as 
base points. A conic k, of this peneil euts c, in a point ‚S to which 
two points P on A,A, correspond. Each curve of the pencil arising 
in this way, must belong to S,’, hence also the degeneration PA, 
with the conie through A,, A,, A, B,, A,, DB, must be a curve ofit. 

Now to each conie through A,, A,, A, A, corresponds one definite 
straight line through A,, defining a point P’ on A,A,. Between the 


1) See among others Sturm, Die Lehre von den geometrischen Verwandtschaften. 
4ter Band, S. 309. 
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points P and P’ of A,A, there exists therefore a correspondence 
(2,1) with 3 coineidences, from which follows: 

On any straight line joining two of the five base points A,,...., As 
of 5,’ lie three points P, so that the straight lines joining P to the 
three remaining base points, are parts of degenerations belonging to 
the same pencil. 


5. We can arrive at the same results in an entirely different way, 
where at the same time the relation between the points /° appears. 
With a view to this we shall first prove an auxiliary proposition. 

We start from a net of eubies with base points P, A,,....,d4, 
and suppose the degenerations formed by PA,,...., PA, with 
completing conics to belong to the same pencil. We know that 
through / there pass two more straight lines which together with 
two conies through A,,...., A, form also degenerations of the net. 

Let us take PA,A, for triangle of .coordinates and let us put 
PA =»,2,+49r, , =) = PA =q,0,+ 9% =lg) =D, 
A,A, =a,®, + 0,2, +0,2,=(as)=0, B,B,=b,», +b,2,+l,.,=(b2)=0, 

The conies through A, B, A, B,, 4, B, and through A,, 2,, 
A, Bu, A, B, belong both to the penecil (px) (gx) + A (ax) (dx) =. 

For the former conie A must be chosen such that it passes through 
A,, for the latter such that it passes through A,. Hence } must be 
resp. equal to —p,9,:a,b, and —pP,9,:a,d,. The former conie is 
completed to a degeneration by «,=0, the latter by 2, =. 

The straight line (ax) = 0 belongs to a conic through P,A,A,, 
and has therefore the equation c,x,2,—+ c,2,2, + ct,e, = 0. By these 
three curves the net: 

4,2 ,1a,5, (pa) (9#)-Psg,(02) (be)} + A,0,1a,6,(pR) (g2)-P19, (ax) (be)! 
+ 4, (ax) (e,2,2, +0,02, 2,+40,2,2,) = 0 
is defined. 

By assuming &2,= ra, and by putting the condition that these 
straight lines be parts of degenerations in the net, we find through 
the elimination of A,,A,,2, and through division by 2», + p,r and 
qg,+ 9,7 the equation 

b, ’ o+e,r 
bt + bat), ar + later tan) | 

This equation defines therefore the two straight lines m and n 
which pass through P and are parts of degenerations. 

In the net is a eurve which has a double point in P. For this 


0. 


en C, | 6, 
Dh, a PREZETR Su aud the nodal tangents are found 
out of: 
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en ud 6,4 —ab,+a, RAR RR G= =) 


this equation appears to be the same as the equation for r found above. 

Our auxiliary proposition reads therefore: 

When in a net of cubies with five base points Ihe lines joining 
one of them to the other four are parts of degenerations belonging 
to the same pencil, the two other straight lines through that base point 
also parts of degenerations, are the nodal tangents of the curve of 
the net that has a double point in Ihat base point. 

Some consequences are easily derived from this proposition. 

All the curves of the peneil containing the degenerations have 
according to $ 2 a point of inflexion in Panda common harmonical 
polar line /. 

Any straight line through /, hence also m and n, is cut besides 
in P in two more points Iying harmonically with respect to A and 
the point of intersection with /. There is therefore a curve of the 
pencil touching m, resp. n, in the point (/, m) resp. (/,n), and a 
curve having m resp. n as inflexional tangent at P. 

By a complex of cubies S,‘ with four base points A,,..., A, a 
surface ®, of the 5! order with a double curve of the 5th order 
is represented.‘) The point P corresponds to a point P’ of ®,, the 
peneil of curves containing the degenerations PA,,..., PA, to the 
intersecetions of ®, with a pencil of planes of which 'the axis passes 
through PP, this axis cuts ®, in the points D',,..., B', corresponding 
to the points B,,...,B, in the image. The straight line m corre- 
sponds to a plane cubie c,” (lying in a plane V') through ?. This 
c,” has a double point in one of the points of intersection of V 
with the double ceurve o,. Anycurve of ®, lying in a plane of the 
peneil (P’, B/) cuts c,r in 2 more points on the same straight line 
through ?’. As appears from the image it must happen once that 
these two points of interseetion coineide in P’, in other words P’ 
is a point of inflexion for c,”. For the same reason P’ is also a 
point of inflexion for the plane cubic c,"* represented by the straight 
line n. We find therefore: 

The points defining a net out of S,' where the joins of these points 
and the base points of the same system are parts of degenerations 
belonging to the same pencil, are the images of those points of ®, 
where two curves belonging to one of the five systems of plane cubies 
on this surface, have both a point of inflexion; or 


1) CapoRrau, „Sulla superficie del quinto ordine dotata d’una curva doppia 


del quinto ordine”, Annali di Matematica, Ser. Il, t. VII, 1875, p. 149. 
52 


Proceedings Royal Acad. Amsterdam. Vol XXI. 
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These points are the images of those points of ®, where there 
passes through each of the principal tangents a plane containing a 
cubic of one of the systems of these curves. 

If we take into consideration that the intersection of ®, with 
the tangent plane at P’ is represented. by the cubic that has a double 
point in P, we have here a new proof for the algebraically proved 
auxiliary proposition. 

The point of interseetion of m with the common harmonical polar 
line / is the image of the point of contact Q’ with the tangent 
drawn from P’ to c,®*. The double point D’ of c,” is represented 
as a pair of points on the straight line m, i.e. as the two points 
on m associated to the curve corresponding to the double curve 
o, of ®,. This pair of points is eut into m by a curve ofthe peneil 
and lies therefore harmonically with P and (/,m). 

Besides P’ ce,” has 2 more points of inflexion, which lie with Pr 
on the same straight line; they are therefore cut into c,” by a curve 
of the penecil (P’,Bi’). It appears from this that the eorresponding 
points in the image lie also harmonically with respect to P and 
(l,m). The curves of the net which have double points in these 
two points, must bave m as one of the nodal tangents '). The same 
holds for the straight line n. 


6. We return now to the complex S,' of eubies with 5 base 
points A,,...., A, and suppose that the point P has been construct- 
ed on A, A, in such a way that the straight lines PA ,,.... PA, 
are parts of degenerations belonging to the same pencil. 

One of the other two straight lines, parts of degenerations through 
P, always coineides with A, A,; the other passes through a fixed 
point 0. The eurve which has a double point in ?, splits up into 
A,A, and a conie through A,, A, A4,, P and a fixed point Q°). 

According to the above mentioned auxiliary proposition the last 
mentioned straight line through P touches this conie. 

If we suppose that in each point of intersection of A,A, with a 
eonie of the peneil (A,, 4,,A,, Q) the tangents to that conie are 
drawn, these straight lines envelop a curve of the 3'd elass®) to 

') 3 points have therefore‘ been found on the straight lines m and n, each of 
which straight lines is one of the nodal tangents of the curve of S; having a 
double point there. Generally five of these points can be found on an arbitrary 
straight line. To the three points mentioned we can add here the two points of 


intersection of m or n with their corresponding conics. 
2) STURM, l.c. S. 306. 


3) SPORER, „Ueber eine besondere mit dem Kegelschnittbüschel in Verbindung 
stehende Curve”, Zeitschrift für Mathematik und Physik, 38 Jahrgang, 1893, S. 34. 
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which envelope three tangents can be drawn out of O: in other 
words three points P lie on A,A,, so that the tangent at P to the 
conie (P, A,, A,, A,, Q) passes through OÖ, and thus we have atılyon 
at the result already found in $ 4. 


7. We shall now try to find the locus of the points S for which 
one of the nodal tangents to the curve of S, which has a double 
point in S, passes through the fixed point O. 

A point P of a straight line / is a double point of one curve of 
S,; this curve cuts / in one more point P*. Inversely P! defines a 
net of cubies out of S, with six base points (A,,..., A, /”). The 
locus of the double pöints of the eurves of this net is of the 6th 
order -with double points in A,,..., 4A, and PP’; it euts / therefore 
besides in 7” in 4 more points. Between P and P’ there exists a 
correspondence (1,4) with 5.coincidences, i.e. on any straight line | 
he five points P, so that one of the nodal tangents of the curve: 
which has a double point in P, coincides with 1. 

We can deduce from this that tlie envelope of the nodal tangents 
of those eurves in 5, which have double points in the BOB of the 
straight line /, is of the 7!h elass. 

For this reason 7 tangents can be drawn out of the a O0 to 
this eurve belonging to /, so that it appears that there lie seven 
points on / where one of the nodal tangents is a straight line that 
can be considered as a part of a degeneration. 

However it is clear that also the two points of intersection of / 
with the conie (A,,..., A,) must be reckoned among these 7 points, 
so that the result is: 

The points that are double points of curves of S, where one: of 
the nodal tangents is a part of a degeneration, lie on a curve of 
the 5th order. = 

It is already known from $ 5 that the points of thiscurve c, correspond 
to the points of intlexion of that system of plane cubics represented 
by S, on the surface of the 4" order ®, that corresponds to the 
straight lines through ©. Each of tlese cubies has three points of 
inflexion, so that each straight line through O can cut the c, in 3 
points. The point ) is a double point of c,, the nodal tangents are 
the tangents at O to that eurve of S, which has a double point in O. 

It appears furtber that the base points A,,...., A, are points of 
inflexion of c,; the tangents at the points of Sa pass all through Ö. 

Besides these, 4 single tangents can be drawn out of O to c, 
namely the lines joining © to the four points A; corresponding to 


the pinch points of the represented surface ®,. 
52* 
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The double conie d, of &, corresponds to a cubie c, through 
0, A,....,A,. The associated pairs of points, images of the points 


of d,, are the intersections of c, with the straight lines through (O; 
in the four points of contact Ä; of the tangents drawn out of Oto 


C,, there coineide two associated points'); the curves on ®, corre- 
sponding to these straight lines, have one cusp, hence one point of 
inflexion. 

These four straight lines OK; touch c, at X and have besides 
one free point of intersection with c,. The eurves c, and c, touch 
at the points X and have no points of intersection besides these and 
thespoints "U, A, e- »As £ 

If we now determine the points of intersection of A; A; with this 


c,, we find three points which have already been found in$+tand $6. 


I) The associated points of cz define together only a net out of S,. See among 
others Sturv, l.c. S. 309. 


Physics. — “Photographic Absorption- and Extinction- Measurements. 
Contributions to the study of ligwd erystals. V. Eetinction- 
measurements’.‘) By Miss Rassa Rıwıın. (Communicated by 
Prof. W. H. JuLivs). 


(Gommunicated at the meeting of May 29, 1920). 


In this paper a photographie method will be explained for measuring 
absorption-spectra, and a preliminary application thereof to the 
examination of the extinetion of fluid erystals. The purpose of this 
research is: to look more closely into the way in which the extinc- 
tion depends quantitatively upon the wavelength and especially to 
trace in what degree the difference, which Dr. W. J. H. Moni, and 
Prof. Dr. L. S. Orxsteın found between the phases ex-solid and 
ex-fluid ?) in the ultra-red, exists too for visible light. 


1. The extinetion (absorption or dispersion) of a substance can be 
measured by the following method. A pencil of parallel rays pro- 
ceeding from a constant source of light runs through the object. 
After passing through the substance a spectrograph disperses the 
light into a spectrum and this spectrum is photographed. After this 
we remove the substance and substitute it successively by a few 
screens which reduce the incident light to a known degree; the spectra 
obtained in this way are photographed each time. It would be 
obvious to try and find for each colour the screen which causes on 
the photographic plate the same blackening as the preparation. The 
faculty of transmission of the screen being known, that of the pre- 
paration for the considered wavelength is equal to it. Practically, 
however, this method — the looking for places of equal blackening — 
is inconvenient and therefore an interpolation method is substituted 
for it. For every definite wavelength namely the blackening is 
found out of the different screen-spectra, which are marked as a 
function of the intensity of light. By means of the blackening-curve, 
in this way experimentally constructed, the blackening of the substance 
for every wavelength immediately indicates the desired faculty of 


1) Cf. YnavEe BJÖRNSTHAL, Untersuchungen über Anisotrope Flüssigkeiten. Ann. 


der Phys. Bd. 56 (1918), p. 161. 
2) Proceedings Vol, XX N°. 2 p. 210. 
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transmission for the mentioned wavelength. We define the latter by 
superposing each spectrum by a He-spectrum. The exposition-time 
must be the same for all the speetra. The method used has the 
advantage that the absorption for all colours is measured at the 
same time, and that it is produced in all spectral areas under identie 
eircumstances. 


%. We shall now further expose the details of-onr method. In 
the first place we want to illustrate the use of the sereens and to 
indieate the method for measuring their faculty of transmission for 
different colours. From the blackening, measured on the photographie 
plate, the intensity of the incident light is generally valculated 
according to the approximation-formula of SCHWARZSCHILD 


z — blackening of the photographic plate 
z=log. I. % 1= intensity of the incident light 
t = exposition-time 


wherein p is a constant varying from plate to plate. In order to 
avoid the use of such an approximation, we worked out a method, 
which renders it possible, without using this law, to find the relation 
between the intensity of the ineident light and the blackening which 
it produces on the photographic plate. 

This relation can be found for each plate separately in an ex- 
perimental way by constructing a blackening-scale on each plate. This 
scale is obtained by means of a series of spectra, which are reduced 
in a known degree; in order to reduce these spectra several sereens 
are put in the way of the rays. The scereens are subjected to the 
following conditions: 

15, they have to absorb the light for all the waves to the same 
degree, that means: not to show any selective absorption; or — in 
case they have got any — the absorption for each colour must be 
easily determinable; 

2d. the structure of the screens has to be so subtle that its image 
on the slit of the spectrograph does not disturb the regularity of 
the photographed spectrum '); 

3'd, finally it must be possible to get the sereens in any desired 
degree of transmission. 

A uniformly blackened photographic plate fulfils all these von- 
ditions. A first experiment showed that it does not possess any 


!) Reducing the light-intensity by nicols turned out to be too inaccurate. A 
tissue disturbs the regularity of the spectrum. 
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absorption of importance in the visible sphere.‘) This preliminary 
result gave rise to.an extensive research of Mr. A. Drumens, which 
will be published in these proceedings. The plate proved to show a 
selective absorption, which may be greatly reduced under suitably 
chosen circumstances. The:screens were (herefore measured again 
by means of the method elaborated by Mr. Drumens, and at the 
discussion of our experiments the decrease in every region was 
observed. We made use of about ten photographie sereens, whose 
faculty of transmission in percentages were chosen according to a 
mathematie progression. In this way the most accurate results can 
be obtained; as the blackening is approximately proportional to the 
logarithm of the intensity, we ohtain with this series of scereens a 
regularly increasing table of blackenings. 


3. The blackening /of the photographed spectra was measured 
with the photometer of Dr. W. J. H. Mon’). We used the small 
and simple apparatus of the Institute for Theoretical Physies, which 
is suitable to determine the blackening for extensive spectral regions, 
The apparatus differs in some respects from the mierophotometer 
described in these Proceedings by Dr. W. J. H. MoıL; viz.: 

1%. The slit 8, is left out (see l.c. p. 571, fig. 5) while the 
microscopie objeetive Q, produces an image of the incandescent 
spiral on the plate P; 

224, The velocities of the photographie plate P and of the 
registration-cylinder AR were regulated in such a way that a removal 
of the photographie plate over 10 em. corresponded to a removal 
of the sensitive paper on the ceylinder over half its length i.e. 
about 20 cm. 

Before and after each spectrum a piece of the clear unblackened 
plate passed through the way of the rays, and the deviation of the 
galvanometer reached its maximum. 

The dark Heliumlines, which are marked as notches in the un 


1) This first experiment showed tlıe following result: 


Colour of the incident light. Faculty of transmission of the screen. 
Red 27.49 
Yellow 27.6 %/, 
Green 270%, 
Blue 25.6 %/, 
Violet 25.0 %, 
Total visible spectrum 27291. 


2) Dr. W. J. H. Mouz, Een nieuwe registreerende microfotometer. Versl. Kon. 
A. v. W. XXVIIl (1919), p. 566. 
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broken registrationlines serve to identify the wavelength in several 
points of the spectrum. 


4. The fitness of the above mentioned method: to measure propor- 
tions of lightintensities by means of the photographic plate, will 
depend in the first place on the uniformity of the plate itself and 
on the faults in its structure. The first condition of its fitness is the 
possibility to reproduce a blackening, obtained by a definite intensity 
and time, by lighting another spot of the plate under quite equal 
cireumstances. Each sort of plate therefore, before its use, has to be 
submitted to the following test: a series of equal spectra, taken 
with constant intensity of light, with the same time of exposure, is 
constructed one beneath the other on one photographie plate. The 
spectra then are photometered perpendicularly to their longitude in 
several different places. For each spectrum separately the blackening 
may not vary by passing in this direction, which is stated by the 
deviation of the photometer remaining constant. Further the elevation 
of these constant pieces for the different spectra must be the same. 
If the plate is all right, the registration with the photometer must 
give an image where the blackened resp. the clear pieces are Iying 
on two lines parallel to the line of zero-points. In this way the best 
suitable photographic plate: the Panchromatic of WRATTEN and WRAIN- 
WRIGHT, was chosen. (Panchromatie to be able to continue the measu- 
ring of absorption as far as possible in the red). But this plate too 
proved to be far from perfect. An accurate measuring gave the result 
that the blackening in the spectra on the border of the plate is always 
greater than in the spectra produced in the middle of the plate. 
A similar result can be obtained by measuring the blackening at the 
borders and in the centre of a photographie plate which is lighted 
uniformly over its whole surface. This systematie fault') was eli- 
minated as well as possible by repeating each spectrum at least twice 
on each plate at different distances from the centre ?). 

In the second place the regularity of the photographed speetrum 
depends highly on the kind of developer. The conditions to put on 
the developer is that it produces an equal blackening without spots 

') The Kodac factory was not able to give a good explanation of this pheno- 
menon; they think of a drying out of the borders. 

?) To obtain in our case as many spectra as possible on one single photographic 
plate, the lengths of the comparison-spectra on the side of the small wavelengths 
was reduced. The substance examined namely did not allow any light to pass 
beyond the wavelength A = 4700. One half of the photographic plate was there- 


fore covered, the other used, and vice-versa. So doing it is possible to take 
on one plate of 9 X 12 c.m. two rows of 15 spectra each. 
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or black stripes and without veil, while the contrast between the 
different blackenings appear as strong as possible. Glyein proves_to 
come up to the requirements, if the proper conditions are chosen 
viz.: Of the concentration of the developer, of the duration and the 
temperature of dewelopment.: In fulfilling all these conditions a fine 
equal spectrum ‚can be obtained with glyeine, which — with respect 
to abundance of contrasts — is even preferable to the one produced 
by hydroquinone. 


5. The method used will be illustrated further with the measuring 
of the extinetion of para-azoxyanisol. This substance was chosen in 
connection with the above mentioned research of Dr. W.J. H. Moıı 
and Prof. Dr. L. S. Ornsteı. For the phases: isotropie-liquid, 
ex-solid and ex-liquid the spectrum of absorption is determined. As 
these phases cannot exist at the temperature of the room the substance 
had to be heated and to be kept ata constant temperature. For this purpose 
we made use of a small electrical oven, consisting of a hollow 
brass cylinder, wrapped up with manganine-wire, through which a 
current was sent. By regulating this current each desired temperature 
may be obtained in the oven. A woollen mantle protected the wind- 
ings from changes in the temperature of the surroundings. In the 
middle of the eylinder the wrapping is interrupted over a length of 
1e.m., and there, diametrically opposite to each other, two perpen- 
dieular openings are bored, where a strip of copper X is fitted, 
carrying the glass euvet with the substance. The small cuvet inclosing 
the preparation is constructed according to the principle of the 
numbering-chambers of Zeiss: along the borders of a flat glass plate 
A, long narrow little beams of glass are stuck (height = 1,53 m.m) 
by means of water-glass mixed with asbestos. Great care is taken to 
make this glass-encelosure equally high throughout. For cover-glass 
we used a glass plate B of the same dimensions as A, carrying at 
the centre of the lower-side a small round piece of glass C (height 
— 0.90 m.m.). By pressing the borders of B close to the little beams 
on A, the distance between A and (C, at the point where the sub- 
stance is to be examined, amounts to 0.63 m.m. 

On account of the high temperature necessary to melt the para- 
azoxyanisol it was quite difficult to find a glue which remains 
absolutely transparent under these conditions. The water-glass too, 
which was originally used to stick B to (C, got opaque after some 
time. A solution of this diffieulty was found by making a hole in 
the eentre of the cover-glass B, so that C had to be fastened only 
at its borders. Between the two glass plates A and B in the middle 
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a little para-azoxyanisol is put and the plates are pressed together 
and to the strip of copper K by two steel springs. The strip of 
copper is heated on a little gas-flame, till the para-azoxyanisol is 
melted. By capillary forces the isotropie liquid is drawn to the 
narrowest part in the centre, where it absolutely fills the space 
between A and C, and even by placing Ä in a perpendiecular position 
hardly moves down at all. Air-bubbles, ifthey are present, are moved 
to the border by tapping carefully. After that, X is pushed into 
the oven, which before is brought to the temperature desired. The 
phases ex-liquid and ex-solid are obtained by regulating the heating- 
current around the oven, without moving the cuvet from its place. 
With the preparation obtained in this way the above mentioned 
measurements are taken. 

The source of light was a small Nitra-lamp, for which a battery 
of accumulators provided the constant current; the perpendicular 
incandescent wire of this lamp is placed at the distance of the focus 
before a lens which provides a parallel beam of rays filling the 
opening in the wall of the oven and penetrating the substance. At 
some distance behind the oven, in the centre of the parallel beam 
of rays the narrow slit of the speetrograph is placed, which may 
be closed by a little valve. The spectrum is photographed; the plate 
is put in a-chassis which can be moved up and down, and renders 
it possible to take several spectra on the same photographie plate. 


6. Each of the 30 spectra on the photographic plate is photometered 
in the length-direction ; and out of the registered curves the blackening 
is caleulated for the various colours. For this purpose the deviation 
of the galvanometer U is measured in definite points e.g. on the 
right side of each zero-point, while the situation of these points is 
fixed with respect to the He-line 2 = 4713. 

Suppose the maximum deviation of the galvanometer obtained 
through the unlighted part of the plate to be U, then the blackening 
is defined by the formula 

U, 
z == (om D' 

For each spectrum the blackening in about 15 points is caleulated 
and marked as function of the wavelength. By comparison of the 
curves for two or more spectra obtained in this way, which repre- 
sent the same state in various spots of the plate, their mutual 
conceurrence shows the degree of reliability of the method used. 
The greatest deviations from the average values all appear to be 
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below 3°/, of the total blackening. In fig. 1, to begin at the top, the 
curves are represented corresponding to the absorption spectra 
respectively of the phases: isotropie-liquid, ex-solid and ex-liquid; 
four different photographs of the same speetrum of absorption on 
one plate provided-the material for every one of these curves and 
are marked by four different signs. 


v blackening. 


wavelength. Bg:ii: 


The difference in optical conduct between ex-solid and ex-liquid, 
found already for ultra-red rays, proves also to exist for the visible 
spectrum. In the same way the blackenings for the sereens are 
explained in drawing. Out of the curves obtained in this way, for 
each definite wavelength the blackening is measured for the successive 
screens; and by means of the known faculty of transmission of the 
screens, marked as function of the light-intensity (fig. 2). 

For 15 different wavelengths the blackenings thus calculated are 
explained in drawing. The faculty of transmission of the sereens being 
marked in percentages on logarithmie millimeter-paper, then the 
blackening drawn as function of log. I shows the well-known form of 
the blackening-curve with the big rectilinear part in the middle. This 
straight part corresponds with blackenings for which the plate is not 
over- nor under-exposed, and the best proportion between time of 
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exposure and intensity of: development is that, where the straight 
part of the blackening-curve is inclined to the absciss-axis in an angle 


10 


— blackening. 


— faculty of transmission in °/o. Fig 2. 

of 45°. According to fig. 2 thisinelination is t00 small in our blacken- 
ing-curve; so we had to expose the plate a little shorter and to 
develop it for a longer time. 


100% 


‚90% 


— faculty of transmission. 


|5980 
4980 
4880 Hbp 
4790 
4713 


— wavelength Fig. 3, 
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From the screen-spectra about. 10 points are deduced for each 
blackening-curve; as these points have to lie On a tight curve, the 
faults in their situation may be partly neutralised by graphic inter- 
polation, which increases the reliability of the method. In order to 
determine the extinetion for a fixed wavelength, the blackening for 
isotropic-liquid, ex- ‚solid and’ ex- liquid is gathered in fig. 1 and these 
values transmitted on the blackening-eurve of the corresponding 
wavelength. The abseiss of the diagram shows immediately the faculty 
of transmission in *°/, for the corresponding phases: By means of 
the values thus obtained for the faculty of transmission the absorp- 
tion-eurve is constructed for each of the three phases mentioned. In 
fig. 3 the absorption-curves are designed; to begin at the top re- 
spectively for the phases isotropic-liquid, ex-solid and ex-liquid. In 
both the marked series of points the experimental material is laid 
down of two separate preparations each photographed on a separate 
"plate; the height of the substance in both cases was the same. 

Suppose now (what surely is not in accordance with the strong 
extinction found) that the relation between incident and transmitted 
light for this substance is given by the known formula of absorption: 


I. = intensity of the incident light 

] =intensity of the transmitted light 
h —= coefficient of extinetion 

d = height of the preparation 


= re 


then we can calculate the quantity “Ad” for the various wave- 
lengths by means of fig. 3. According to the Theory of Dispersion, 
given by Dr. SpisKerBoeEr in his dissertation, where il is proved 
that absorption- and extinction-coefficient are mutually additional, 
the obtained quantity “A” for each phase —= the sum of dispersion- 
and absorption-coefficient. Supposing now that by approximation the 
real absorption-coeffieient is the same for the three phases, we find 
in the difference: 
h isotropie — h ex-liquid = A, 

and h isotropie — h exsolid = h, 
the extinction-coefficient in its relationship to the wavelength for 
each of the two liquid-erystalline phases. 

In order to find out whether the obtained extinetion coefffeient is 
- proportionate to a power of ), we constructed the curve logh as a 
function of logA. This curve proved not to be straight over its 
whole length, but by approximation could be seen as existing of 
two recti-linear pieces, which showed a different inclination for each 
liquid-erystalline phase 
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I feel it ineumbent upon me to tender my sincere thanks to 
Prof. Dr. L. $. Ornstei, under whose stimulating guidance I was 
able to ınake the above research; and to Dr. W.J.H. Mor and Dr. 
H. ©. Burger, whose continual interest and good advise have always 
been of great support to me. 


CONCLUSION. 


1. A method is described to measure the extinetion in tlıe photo- 
graphic way. This method is applied to liquid-erystalline phases. 

2. The two liquid-erystalline phases ex-solid and ex-liquid possess 
different extinction also in the visible speetrum. 


Utrecht, May 1920. Physical Laboratory, Institute for 
Theoretical Physics. 
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Mathematics. — “Die Integralgleichung der elliptischen Thetanull- 
Funktion. Zweite Note: Allgemeine Lösung”. By Prof. F. Bern- 
STEIN at Göttingen. (Communicated by Prof. L. E. J. Brovwar). 


(Communicated at the meeting of November 27, 1920). 


In den ersten Note über diesen Gegenstand, die in den Berichten 
der Berliner Akademie ') erschienen ist,. wurde gezeigt, dass die 
Thetanullfunktion ?) 


5 2 +2 —r2n?t 
»,(0/int)=9;, (int) = 8 e 


n=— 0 


der Integralgleichung von VoLTerrkaschem Typus 
eo 10m .. |. 
genügt, wobei die „Faltung” $% definiert ist durch 


t t 
Se)en(l if (Tr) n (— tr) dr IE (—T)n (r) dr. 
0 0 


Die im vorliegenden Fall uneigentlichen Integrale -sind durch 


t—e 


lim | bei reellem &>0 zu definieren, und der Integrationsweg muss 
e=0 ; 
€ 


im Existenzstreifen des Integranden 0 < Rr< Rt verlaufen. 
Durch die Substitution e="—=h geht die Integralgleichung (1) 
über in folgende: 


Frost vo fe+ pot-r=e N 


In Bezug auf diese wurde folgender Satz bewiesen: 
Turorem 1. Die einzige im Inneren des Einheitskreises reguläre 


Lösung von (2) ist die Funktion f)=1+ 22 Im. 
1 


Hieraus ergibt sich für die Gleichung (1) das 
Tuvorem la. Die einzige Lösung von (1), die in der Halbebene 


1) Sitzungsberichte der preussischen Akademie der Wissenschaften XL, 21. Okt. 


1920, S. 735—747. 
2) Wir folgen der Bezeichnungsweise von WEIERSTRASS-H. A. Schwarz, For- 


‘ meln und Lehrsätze zum Gebrauche der elliptischen Functionen, 2. Ausgabe, 


Berlin 1893. 
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Rt>0 regulär, in jeder Halbebene RKt2 0, >0 beschränkt ist und 
die Periode Rn besitzt, ist die Thetanullfunktion 9, (in). 
Pı7 


Bevor wir ein allgemeineres Theorem über die Gleichung (1) formu- 
lieren, schicken wir folgende Verallgemeinerung der bekannten 
Laptaczschen Transformation für den Fall uneigentlicher Integrabilität 
beim Nullpunkt voraus. 

Es sei y (u) eine für u > 0 definierte reelle oder komplexe Funktion, 
die in jedem endlichen Intervall O<a<uX<? eigentlich integrabel 
im Rıemannschen Sinne ist. Ferner existiere für O<u, 


Un 


lim (Io ai an Re, 


und 


0) 


lim eo ufünns=o>6o, ..... 
Ug 


sodass also 


© o 


Ioa= e "p(u) du = lim je"r@ du 
6 a 
für 6 > 0, existiert und absolut konvergiert. Dann nennen wir f(s) 
die Larzacksche Transformierte von p(u) und bezeichnen sie kurz. 
mit L(%); (u) selbst heisse die determinierende Funktion '). f(s) ist 
für 0 > o, regulär und beliebig oft unter dem Integralzeichen 
differenzierbar, insbesondere ist 


— f'(e = je "uy (u) du, 
0 


also 
Lu) Zr Ka A 
wobei rechts Differentiation nach s gemeint ist. 
Sind (u) und w (u) zwei Funktionen, deren Larnacksche Trans- 
formierte im obigen Sinne existieren, so ist, wenn in dem Faltungs- 
integral der Integrationsweg reell ist: 


Lo. LW)=E@end. 0. 


) Vgl. N. H. Aseı, Sur les fonetions göneratrices et leurs determinantes 
(Euvres completes, t. II, pp. 67—81. 
2) Wegen der oben gemachten Voraussetzung (a), dass ou) und Yu) in den 
Nullpunkt hineinintegriert werden können, existiert die Faltungsfunktion px V,daan 
jedem Ende des Integrationsintervalls eine der beiden Funktionen beschränkt bleibt 
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Beweis: Wegen der absoluten Konvergenz der Integrale ist 


© 


L(p). L(w) = | e "plu) du. "vo@ — 4 fe’ swuo du dv, 
ö 0 


wo das Doppelintegral über den Bereich «>20, v»>0 zu erstrecken 
ist. Wir setzen ° 

uw —T, 

U = t 


und haben nun das Integral 


[ les p(w—t) W (t) dw dt 


über den Winkelraum O0<t< zu erstrecken. Man kann es 
folgendermassen durch ein iteriertes Integral darstellen: 


I "dw fo (w—t) W (1) dt, 
0 0 


da das Integral nach w existiert und absolut konvergiert. Damit ist 
die Behauptung bewiesen. 
Offenbar gilt: 
1 
ER RR ENT) 


Ss 
Wir formulieren nun folgenden Satz: 
THEoREM 2. Sämtliche Lösungen der mit reellem Integrationsweg 
gebildeten Integralgleichung (1), die eine LarLacksche Transformierte 
besitzen‘), sind in der Form 


1 a __— 2nic 
Ueya= ltr 8e ‘ 
IT N 


enthalten, wo c jeden komplexen Wert bedeuten kann, und sind somit 
für Rt>0O reguläre Funktionen von t. 


Freziell für e=ÜÖ und c= > erhält man 9,(Ofia t) und 9 (Of xt). 


U(e/t) ist eine ganze transcendente Funktion von c mit der Periode x. 
Der in der Variablen ce gerade Bestandteil von U(e/t) ist gleich 


— et ER WR 
e 9, Getliat). 


Beweis: Bezeiehnen wir die Larracesche Transformierte der 
Lösungsfunktion mit y=y(s) und wenden auf (1) die Ları.aczsche 


) D. h. die Bedingungen a) und d) erfüllen. Damit wird nur über das Verhalten 
der unbekannten Lösung längs der Achse des Reellen eine Voraussetzung gemacht. 


53 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 


820 


Transformation zu, so erhalten wir unter Benutzung der Rechen- 
. regeln (I) bis (III) die Differentialgleichung: 


1 


Setzt man 
s—=—t und y(-N)=nW), 
also 
dy dy dt er 7 
de de 


so geht (3) über in 


oder 


kin NT ee (4) 
Durch die Substitution 


in=6 ,„ alo men E 
erhalten wir: 
ee a en .. 
Die allgemeine Lösung von, (5) lautet: 
t=artgS + € 
oder 
S—= tg (t— ce) = — tg (t —c). 
Folglich hat die Differentialgleichung (3) die allgemeine Lösung 
edg(V — s—o) 
Deren: 


wo c eine beliebige komplexe Konstante ist. 

Jeder Lösung y der Differentialgleichung (3), die so beschaffen ist, 
dass sie eine determinierende Funktion besitzt, entspricht eine und 
nur eine Lösung der Integralgleichung (1); denn die determinierende 
Funktion ist, wenn sie überhaupt existiert, eindeutig bestimmt bis 
auf eine Nullfunktion‘). Aus der Integralgleichung (1) aber geht 


!) Dieser Satz ist von LERCH (Sur un point de la theorie des fonctions genera- 
trices d’Abel; Acta Math. 27, pp. 339—351 [pp. 345—347]) für beim Nullpunkt 
eigentlich integrable P(4) bewiesen worden. Der Beweis gilt aber auch bei uneigent. 


licher Integrabilität, da auch in diesem Falle die durch (verallgemeinerte) partielle 
[ee] 


Integration gewonnene Umformung f(s) = (s— Da % F(u) du, wo seinen Wert 


0) 
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hervor, dass zwei Lösungen, die sich durch eine Nullfunktion unter- 
scheiden, identisch sind. 


Wir können nun sogleich zeigen, dass jedem y eine determinierende 
Funktion zugeordnet ist, indem wir dieselbe angeben. Es ist 


i al el) 1 1 + el ste 


Mi — — —— == = ’ 
Be Aare VEIT EV ei) 
also für 
BUTLER 
Be ei, dns Rys to 
Re FAR Hi Wr +) e mV te) 
vs n=0 
E_ N = a u er S Be 
Vslo 0 
N, E er ee le 
Vs % ER Vs 1 8 
—2nVs 
Zu der als Summenglied vorkommenden Funktion 2 können 
wir die determinierende Funktion angeben; es ist nämlich 
rs 1 n3 
——— 2(7u*) Men, 
v8 V at =>; 


wo für positive s und £ die Wurzeln positiv zu nehmen sind. Der 
Beweis ergibt sich aus der Formel') 


n2 


1 
Van 


e 


u 


[e+] 
—u a3 
e cos Ana da. 
nr 


f) 
Mit ihr erhalten wir nämlich: 
il 


n? 9 © je +] 
L FETT is, du fe" "200 da. 
V u 
0 0 


Für Rs >0 ist dieses Integral absolut konvergent, die Integrations- 
folge also vertauschbar. 


at 


u 
bedeutet, für den das LAPLAcH-integral existiert, und F(u) = fe o(v)dv ist 


0 
legitim und Z({u) — was bei dem LercHschen Beweise den Ausschlag gibt — 
stetig ist. | 

h) Vgl. RıEmans-Weber, Die partiellen Differentialgleichungeu der mathemati- 


schen Physik, I, 4. Aufl. $ 61, Formel (7). 
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— uls+a 2 
Des 0002 nu da [0 TER 
) 


o 


es [3 
2 cos 2 na 


da. 


a s-4-a? 
0 


- . 1200 
Nach einer bekannten Formel!) ist dies gleich = für 


n 2.0: 
In Bezug auf die oben für y erhaltene Summe behaupten wir 
nun: Es ist 


Ms 


—2nV s © ut % 

0 ‚e — 2ncı er 

e 2 Br Da 2 e ). 
n—1 Vs n=1 Vat 


In der Tat ist 


e) 1 n? 
—_ 8 — 2nci We 
le > e udu 
1 V zu 
0 
a [e) 
=/+[. 
0 a 


wo a>0 ist. Ersetzen wir in den beiden uneigentlichen Integralen 
den Integranden durch seinen absoluten Betrag und vertauschen das 
Integral mit der Summe, so ist das Ergebnis eine für V Rs > le 
konvergente Reihe; denn 

ß © 


© jl n? [6.) » 1 n? 
le eph: Eee Das ae ee 
1 V au EN u 
a 0 
© E Bar Vs 
2nle 
= Ne" 
1 V Rs 
2 © n? 
Ferner ist die im Integranden stehende Reihe Ze ?"i ——g u 


1 V zu 
in jedem Teilintervall O<e<u<a, bzw. a<u<w< gleichmässig 
konvergent. Die Reihenfolge von Summation und Integration ist also 


wenigstens für V Rs > Ie vertauschbar ?), womit sich die Behaup- 
') Vgl. RiEMAnN-WEBER, |, c. $ 19, Formel (3). 


2) Vgl. BromwicH, An introduction to the theory of infinite series. London, 


1908, p. 453. Der dort gegebene Satz lautet: „Wenn Xfn(x) in jedem festen 


mW a) an 
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tung auch für den Konvergenzbereich AYV's > Ic ergibt. Folglich ist 
1 +2 5 1 nn 
— ——Le t = 
Vat ı Uxt 
Alle Lösungen der Integralgleichung (1), die eine LarLacksche 
Transformierte besitzen, sind also in der Gestalt enthalten: 


vo=Ll 


1 er Se ie 
Im = 1+22e > u 
1 


nt 


IT 
Für e=0, bzw. c= 5 erhält man die Funktionen 9, (Oi d), 


- 
bzw. 9, (O/irt) in der auf = transformierten Gestalt '). 


Der in c gerade Bestandteil von U (e/t) ist 


© n? 


1 ah 
U,6W= ,|1+28° Pos ne 
PL 4 


Nach der Transformationsformel der Thetafunktion '!) 


ist 
— ct 5 5 
U,(et)= e », (etlirt), 
womit Theorem 2 vollständig bewiesen ist. 


Intervall a<x<D, wo b beliebig ist, gleichmässig konvergiert und Y (x) für alle 
endlichen Werte von & stetig ist, so ist 


ke) 


fr (0) 2 A (eo) de = = (w) In (a) de, 
0) 0 


[+] 
vorausgesetzt, dass entweder das Integral | | (x) | & | fn (x) | dx oder die Reihe 


a 


x | Io | fn (x) | dx konvergiert”’. Das Entsprechende gilt bei uneigentlichem 


a 
Integral mit endlichem Integrationsintervall. 
I) Vgl. Weıerstrass-Scawarz, |. c. p. 46. 
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